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INTRODUCTION 
During the past few decades, dairying has changed from management 
systems in which cows received most of their nutrients from pasture or 
harvested forage to systems in which the highest proportion of nutrients 
are provided by grains. This change has been perpetuated by a consistent 
increase in the genetic potential of dairy cows, which requires a greater 
intake of energy to achieve this production. Average milk production per 
cow has increased from 3195 kg in 1960 to 6758 kg in 1991 (Majeskie, 1992). 
Modern systems of feeding allow high milk production, but there are 
questions about whether those systems are indefinitely sustainable and 
whether they meet high ecological and sociological standards. The 
concentrate portion of dairy rations usually are highly dependent on corn. 
Dependence on row crops leads to increased soil erosion and increased 
concentrations of nitrates in ground water, which can lead to serious 
detrimental effects on human health. 
For dairying to be considered a viable part of sustainable 
agriculture, it is important to develop systems for feeding dairy cows that 
will minimize utilization of feeds from row crops and maximize utilization 
of forages, especially legumes such as alfalfa. Such systems will decrease 
soil erosion, energy input, and the build up of nitrates in ground water 
associated with nitrogen fertilization. 
High producing dairy cows require high amounts of energy which cannot 
be met through conventional diets during peak periods of milk production. 
Therefore, cows are in negative energy balance during this period. 
Inadequate energy intake causes in decreased milk production and increased 
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susceptibility of cows to metabolic disorders such as ketosis, fatty liver, 
and downer cow syndrome. Dry matter intake is the major factor affecting 
both energy intake and production performance of cattle fed forages (Waldo 
and Jorgensen, 1981). Dry matter intake of high forage diets is limited in 
part by physical capacity of the rumen. 
One way to increase the energy density of dairy diets is to increase 
the amount of nonstructural carbohydrate. However, feeding excessive 
nonstructural carbohydrate predisposes cows to rumen acidosis and milk fat 
depression (Grummer et al., 1987). The challenge for dairy nutritionists is 
to formulate diets to feed to lactating cows that will maintain health and 
maximize milk yield while minimizing cost. Current trends are to supplement 
grain with some dietary fat to increase energy content. There has been an 
increasing interest in feeding fats to dairy cows for several years 
(Palmquist and Jenkins, 1980), and a wide variety of fat sources are used 
to increase the energy density of diets fed to cows in early lactation or 
to high-producing cows in negative energy balance. Increasing dietary 
energy density by feeding supplemental fat may enhance both lactation 
performance (Shaver, 1990) and metabolic efficiency of lactating cattle 
(Kronfeld et al., 1980). 
Fats are the most concentrated source of energy available for all 
types of livestock, and they have a net energy of lactation that is more 
than three-fold higher than feeds rich in protein and carbohydrate 
(Grummer, 1992). High concentrations of free fatty acids in the diet tend 
to suppress rumen fiber digestion. Protected fat in the form of prills are 
not digested in the rumen, however, but pass to the small intestine where 
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greater than 90% digestibility is achieved. Development of ruminally inert 
fats, such as calcium salts of fatty acids and prilled fatty acids, has 
partially overcome some negative effects of normal fats, such as free oils 
and oils with fatty acids of medium-chain length or unsaturated chains, on 
ruminal fermentation (Grummer, 1988; Jerred et al., 1990; Schauff and 
Clark, 1989). Changes in endocrine status have been observed in dairy cows 
fed high-fat diets, and Cummins and Sartin (1987) suggested that these 
changes mimic those of a positive energy balance. 
Fiber content of the diet is one key nutritional factor that affects 
the performance response to any supplemental fat source (Canale et al., 
1990). Fiber promotes chewing and salivation (Grant et al., 1990), which 
minimizes the potential for negative effects of fat on rumen microbes 
(Harfoot et al., 1974). High forage diets promote increased use of fat by 
maintaining normal rumen characteristics (mainly pH) and by providing 
surfaces to adsorb fat. Thus, fat and forages complement each other by 
optimizing energy intake and rumen function (Palmquist, 1987). The optimum 
effective fiber content of diets containing supplemental fat needs to be 
determined. Ruminally inert fats avoid the negative effects of supplemental 
fatty acids or triglycerides in the rumen. By using protected fats, energy 
density of diets can be increased without decreasing cellulolytic activity 
in the rumen (Sklan et al., 1989). 
Considerable research has involved investigating the effects of 
varying ratios of forage and grain fed to dairy cows on milk production and 
composition. Little research work has been done to explore the possibility 
of combining high proportions of forage with high fat to attain an 
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acceptable energy Intake for cows producing over 9,000 kg of milk per 305-
day lactation. 
Specific objectives of the current study were to: 
1. Develop schemes of feeding to utilize higher amounts of 
forage in diets of dairy cows; 
2. Determine amounts of fat that can be fed in 
combination with high levels of forage, and 
3. Compare the milk production and physiological 
performance of cows fed high-forage, high-fat diets. 
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REVIEW OF LITERATURE 
The review being presented is an overview of the production 
performance of cows fed diets containing different energy sources. 
Particular emphasis is placed on effects of amounts and sources of 
supplemental fat and forage on digestibility, milk production and 
composition, and physiological performance of dairy cows. 
Production Potential 
Production of milk and milk components is the sum of a cow's genetic 
ability and the suitability of her environment, including both the feeding 
program and overall herd management. The average milk yield of Holstein 
cows increased 48% between 1960 and 1988 (Norman and Powell, 1992). Annual 
milk production of dairy cows is always highly dependent on the quality and 
amount of harvested grain and forage. Continuously increasing potential for 
milk production requires greater density of dietary energy in order to 
achieve that potential. 
Energy Balance 
During early lactation, high producing dairy cows are normally In 
negative energy balance because feed Intake is limited by physical capacity 
of the rumen and/or appetite of cows (Anderson et al., 1984; Palmquist and 
Conrad, 1978). It is typical for cows to be in negative energy balance in 
early lactation because gut capacity is limited, and consequently feed 
intake is not sufficient to meet energy demands for maintenance and 
lactation. Milk production is the highest priority for high producing dairy 
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cows. Negative energy balance caused by energetic demands of lactation 
adversely affects milk yield potential, reproductive efficiency, and 
metabolic status of cows. 
Body Condition Score 
Body condition scoring (scale 1-5), is an accepted noninvasive, 
subjective, quick, and inexpensive method to estimate the degree of 
fatness. Adequate body fat reserves at calving are necessary to support the 
energy requirement for milk production during early lactation. Too little 
or too much body fat at parturition can be associated with a reduction in 
subsequent milk production and with an increase in health and reproductive 
problems, respectively (Gearhart et al., 1990; Waltner et al. 1983). 
Reproductive performance of cows is highly correlated with changes in 
body condition. Smith et al. (1985) showed that as body weight losses 
progressed from minor to severe, interval from calving to first ovulation, 
first heat, and conception increased linearly. Wildman et al. (1982) found 
that obese cows tend to have increases for number of days open, calving 
interval, and cost of milk production. Garnsworthy and Jones (1987) 
observed that dairy cows calving with excessive body condition have 
adequate fat reserves to support milk production, but they often have lower 
feed intake, which increases the negative energy balance. Energy reserves 
in dairy cows are stored as lipids in adipose tissue and support about 33% 
of the milk production during the first month of lactation (Bauman and 
Currie, 1980). 
Increases in body condition score are associated with increases in 
7 
tissue dry matter and ether extract percentages and with decreases in 
percentages of crude protein and ash (Otto et al., 1991). Frood and Croxton 
(1978) concluded that cows that have an intermediate amount of fat, as 
estimated by body condition score, produced more milk than cows that are 
either very fat or very thin. Inadequate energy intakes prepartum and 
during early lactation have been associated with increased incidences of 
metabolic disorders (Curtis et al., 1985; Littledike et al., 1981) and poor 
reproductive performance (Butler and Smith, 1989). 
Nonstructural Carbohydrates 
Increasing the proportion of grain in rations is one common practice 
used by dairy farmers to increase energy intake. When concentrate exceeds 
70% of ration dry matter, however, forage intake becomes inadequate, which 
results in changes in rumen fermentation that usually lead to rumen 
acidosis and a decrease in milk fat content (Shaver, 1990). Some earlier 
studies (Erdman, 1988; Nocek and Russell, 1988; Sutton, 1989) indicated 
that increased nonstructural carbohydrates (NSC) in the diet often leads to 
concomitant reductions in ruminal pH, acetate:propionate ratio, fiber 
digestibility, and milk fat production. Grant and Martens (1992) also 
suggested that a reduction in fiber digestion may occur when readily 
available carbohydrates constitute a significant portion of the ruminant 
diet. Lowering dietary NSC by replacement of forage with soy hulls and fat 
increased ruminal acetate .'propionate ratio, total tract neutral detergent 
fiber (NDF) digestibility and efficiency of 4% fat corrected milk (FCM) 
production (Sarwar, 1992). 
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Forages 
The amount of grain that can be fed is limited because lactating cows 
require a minimum amount of fiber and forage in the ration for proper 
chewing activity and rumen function and to minimize depression of ruminal 
and total tract nutrient digestibilities. Further, densities of ration 
energy achieved with grain supplementation may not be sufficient for 
conditioning persistent mid- and late-lactation cows in high producing 
herds. 
Forages have made up the highest proportion of dairy cow rations for 
centuries. For the last 30 to 35 years, however, concentrates have become 
an increasingly larger component of lactating cow diets, and they have been 
fed at up to 70% of the diet DM in some cases. The level of forage in the 
diet is important because it often indicates how a diet will affect rumen 
function and production performance when fed to lactating dairy cows. 
Forages often are present as the largest proportion of dairy rations and 
can provide significant contributions to nearly all nutrients required. The 
forage portion of a diet that consists of 25% corn silage, 25% alfalfa, 
and 50% concentrate contributes about 50% of the energy, crude protein 
(CP), Ca, and Mg, 75% of the fiber, and nearly 100% of K in the total 
ration of cows producing more than 20,000 lb of milk per year (Staples, 
1992). Additionally, forages are less digestible and more slowly digested 
than are concentrate feedstuffs, thereby influencing both amount of feed 
consumed and total milk produced daily. 
Quality of alfalfa is tied closely to changing leaf to stem ratios as 
plants mature. Kawas (1983) fed alfalfa forage cut at four maturities with 
9 
four forage to concentrate ratios and reported production of 4% FCM was 
greatest for cows fed the least mature alfalfa regardless of forage to 
concentrate ratio. Increased feeding of concentrate was not able to 
overcome negative effects of poor forage quality. Staples (1992) observed 
that cows consuming a diet of 63% early bloom alfalfa and 37% concentrate 
produced as much milk as cows eating nearly twice as much concentrate with 
full bloom alfalfa. Legumes have a unique place among forages because of 
their high CP value, rapid digestibility, and increased production. 
Fiber intake capacity of cows may vary with age and stage of 
lactation. As milk yield increases, the amount of forage fed typically 
decreases, approaching the minimum forage allowable to maintain nominal 
function. Van Soest (1963) demonstrated that feeding of restricted roughage 
diets results in predictable rumen volatile fatty acid (VFA) changes. 
Mertens (1992) suggested that 1.2% of body weight per day is the maximum 
NDF intake of cows in mid to late lactation that will not decrease milk 
yield below potential of the cows. 
Tessman et al. (1988) reported that milk and protein production 
decreased as forage in the diet increased, but decreases in feed cost made 
these changes economically acceptable for high forage concentrations fed to 
mature cows in early lactation. By replacing part of the grain portion of a 
diet with fat, the forage:grain ratios in diets may be increased while 
still maintaining dietary energy concentration and decreasing fed costs. 
High forage diets promote increased use of fat by maintaining normal rumen 
function (mainly pH) and by providing surfaces to adsorb fat (Palmquist, 
1987). DePeters et al. (1989) substituted yellow grease (3.5% of dietary 
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DM) for cracked corn and increased the amount of alfalfa hay in the diet 
from 50 to 65% of ration DM so that both diets were isocaloric and 
isonitrogenous, and they observed that both milk production and milk fat 
content tended to increase for cows consuming diets containing fat. Cows 
fed diets containing large proportions of alfalfa silage during early 
lactation have reduced milk yield and milk protein content (Tessman et al., 
1991), and this reduced performance has been attributed to low energy 
intake. Smith et al. (1992) demonstrated a significant fat by fiber 
interaction and found that substitution of alfalfa hay for corn silage in 
dairy rations increased the benefit of including whole cottonseed on DMI 
and milk yield. 
Inhibition of fermentation and digestion of fat is less when the hay 
content of basal diets is high (Jenkins, 1993). Doreau et al. (1991) found 
no effects of 10% rapeseed oil or tallow on degradation of ruminal organic 
matter when dairy cows were fed a basal diet of 50% fescue hay, however, 
concentrations of VFA were changed moderately. Grant and Weidner (1992) 
recommended that adequate fiber is necessary to feed fat successfully; 
however, what constitutes adequate intake of effective fiber has not been 
determined. Ohajuruka et al. (1991) observed that animal-vegetable fat or 
calcium soaps of long chain fatty acids can be supplemented at 
concentrations of up to 5% of the dietary DM in high forage diets without 
adverse effects on ruminal metabolism and digestion. 
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Supplemental Fat 
During the past 10 years there has been considerable interest in 
feeding fat to lactating dairy cows as a possibility for increasing energy 
density of diets. Supplemental fats have become the ingredient of choice 
for dairy rations. Their high energy density permits greater energy 
consumption in cows whose physical capacity constrains greater feed intake. 
Advantages of increased fat in dairy rations are at least threefold; 
increased energy intake for high milk production (Ostergaard et al., 1981; 
Ruesegger et al., 1985); optimized starch to fiber ratio to improve rumen 
fermentation (Palraquist and Conrad, 1978); and increased efficiency of 
energy utilization (Brumby et al., 1978; Kronfeld et al., 1980). 
Effects of supplemental dietary fat on dry matter intake (DMI), milk 
yield, and percentages of milk fat and milk protein vary depending upon the 
type of basal diet and the amount and type of fat used. Shaver (1990) 
divided fat sources into two categories; 1) commodity fats such as oilseeds 
and animal fat and 2) specialty fats that are marketed as ruminally "inert" 
fats. The gross energy density of fat is 2.25 times that of starch; 
therefore, addition of fat to rations increases energy density without 
either increasing starch content or sacrificing fiber intake. 
Environmental Factors 
Consumption of fat results in less metabolic heat that must be 
dissipated; therefore, fat supplementation may be particularly beneficial 
when environmental temperature and humidity are high and cows are heat 
stressed. Feeding fat during heat stress may serve a dual function. First 
12 
it lessens the heat load of cows because less heat is generated during 
digestion and metabolism of fat relative to protein and carbohydrate. 
Second it increases energy density of the diet during periods when feed 
intake is likely to be depressed. Skaar et al. (1989) found that cows fed 
diets supplemented with fat had improved lactation performance during warm 
weather but not during cool weather. Feeding supplemental fat increased 
milk production more in summer than in winter, however, production of FCM 
and energy corrected milk (ECM) increased more in winter (Madison et al., 
1994) . 
Fat Sources 
Plant Fats 
Whole oilseeds are used commonly as an initial source of dietary fat 
because they provide protein, fiber, or both, and they are a source of 
relatively low-cost fat. However, a variety of vegetable oils have been fed 
to lactating dairy cows. The vegetable oils in Table 1 are listed in order 
according to their increasing ratio of saturated to polyunsaturated fatty 
acids (Agricultural Handbook, 1979). 
One general consideration for adding oil seeds into diets for 
lactating cows is the high acid detergent fiber (ADF) content of cottonseed 
(34%). Sunflower seeds are also high in ADF (26%), but they are 
encapsulated with a hard seed coat that delays the hydrolysis of fatty 
acids in the rumen (Linn, 1983). Although soybeans can be fed raw, 
extruding or roasting them increases the amount of protein escaping rumen 
degradation (Stern et al., 1985). Mohamed et al. (1988) concluded that 
feeding pure vegetable oils as a top dress is likely to reduce fiber 
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Table 1. Ratios of saturated to polyunsaturated fatty acids in vegetable 
oils fed to dairy cows. 
Vegetable oil Saturated:polyunsaturated 
Rapeseed (canola), ,07 
Linseed ,09 
Safflower ,10 
Sunflower ,14 
Soybean ,18 
Cottonseed .37 
Palm 1, 04 
Coconut 46, ,00 
digestion and(or) milk fat percentage. Such an effect is much less likely, 
however, if the oil still is encapsulated in a seed and introduced into the 
rumen in small doses as part of a totally mixed ration (TMR). Schauff et 
al. (1992) fed diets containing 10% whole, raw soybeans plus 2.5 or 4% 
tallow (DM basis) to mid lactation cows yielding < 30 kg of 4% FCM, and 
they obseirved no detrimental effects of tallow on rumen fermentation, milk 
composition, or nutrient digestibilities. 
Animal Fats 
Animal fats have more oleic acid (Jenkins and Jenny, 1989) and more 
saturated fatty acids than oil seeds (i.e., 52 and 41% for tallow and lard. 
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respectively) (Bisphlinghoff, 1990), and they are solid or semi-solid at 
room temperature (Linn, 1983). Tallow, which has been the most popular 
animal fat fed by dairy farmers in the United States is 100% fat and 
provides no additional nutrients to the diet. Lu (1993) observed that 
addition of animal fat to a high fiber diet increased production of milk 
fat with decreased concentrations of short- and medium-chain fatty acids, 
which are considered to be responsible for milk flavor problems. Yellow 
grease is a waste from food service operations. It contains varying 
proportions of vegetable and animal fats (mostly lard), and it is less 
saturated and has a lower melting point than tallow (Bisphlinghoff, 1990). 
Animal fats are generally cheaper than specialty fats. 
Specialty Fats 
Specialty fats are preparations containing animal or plant fats that 
were developed to minimize detrimental effects on ruminal fermentation and 
fiber digestion (Palmquist and Jenkins, 1982; Schauff and Clark, 1989). 
Specialty fats that are marketed as ruminally "inert" fats include Energy 
Booster 100 (Milk Specialty Co., Dundee, IL), Alifet (Alifet USA Inc., 
Cincinnati, OH), Booster Fat 95 (Balanced Energy Co., Clinton, lA), Carolac 
(Carolina Byproducts, Greensboro, NC), and Megalac (Church and Dwight Co. 
Inc., Princeton, NJ). 
Unsaturated fats provide a majority of the fatty acids in commodity 
fats, whereas, inert fats contain mostly saturated fats. Jenkins and Jenny 
(1989) reported that hydrogenated fats have fewer negative effects on feed 
intake, production of milk fat, and ruminal fermentation, but they have 
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lower digestibilities than other fats. Chalupa et al. (1986) proposed that 
calcium salts of long-chain fatty acids fed at 6 to 8% of the diet and 
fatty acids with high melting points would have minimal effects upon 
ruminal fermentation. Ruminal inertness of granular fats is superior to 
other fats. Prilled fatty acids are an effective ruminally-inert, dry-fat 
supplement for high producing cows (Grummer, 1989; Palmquist, 1991; Schauff 
and Clark, 1989). 
Rumen Fermentation, Nutrient Intake, and Digestibility 
The variable effects of fat sources on fermentation are usually 
attributed to a few basic differences in their molecular structure 
(Jenkins, 1993). The most readily recognized problem has been the 
depressing effect of fat on rumen fiber digestion and on the ruminal 
acetate to propionate ratio. This is now known to be due to the sensitivity 
of protozoa and gram-positive bacteria (cellulolytic and methanogens) to 
increased concentrations of unsaturated fatty acids in the rumen (Maczulak 
et al., 1981). Negative effects of fats or oils on fiber digestibility are 
increased with low fiber diets, whereas, usually no effect is seen with 
relatively high fiber diets. Grant and Weidner (1992) found that fat 
supplementation depressed DMI more in low fiber diets and in finely ground 
forage diets. 
Plant Fats 
One general characteristic of most plant oils is their high content 
of unsaturated fatty acids (FA), which varies from 73% for cottonseed oil 
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to 94% for canola oil. Coconut oil is an exception because it contains a 
high percentage of short-chain saturated fatty acids (Agric. Handbook, 
1979). Some studies indicate that unsaturated oils have bactericidal 
effects on certain cellulolytic and methanogenic ruminal bacteria. Marwaha 
et al. (1973) found a decreased number of ruminal bacteria in cows fed 
diets supplemented with linseed oil, whereas, in cows supplemented with 
saturated coconut oil the protozoal and bacterial population in the rumen 
increased slightly. 
Total production of volatile fatty acids is decreased by feeding 
unsaturated oils (Sutton, 1980). Ruminal digestion of structural 
carbohydrates is reduced 50% or more by less than 10% added fat (Ikwuegbu 
and Sutton, 1982; Jenkins and Palmquist, 1984). Grummer et al. (1993) 
reported an increase in the concentrations of ruminal volatile fatty acids 
(VFA) in cows fed tallow. Mir (1988) fed sheep ground alfalfa hay 
supplemented with a high percentage of unsaturated fatty acids (i.e., 10% 
canola) without causing detrimental effects on ruminal VFA patterns. Molar 
concentrations of ruminal acetate and propionate and the acetate to 
propionate ratio were similar (p >.05) between a soybean meal (SBM) diet 
and an added fat diet. Kim et al. (1993) found similar results between 
supplemental fats from different sources, i.e., extruded soybeans or 
calcium salts of long-chain fatty acids). 
Elliott et al. (1994) reported higher release of fatty acid in cows 
fed high fat rations and no difference in DM, organic matter(CM), CP, ADF, 
and NDF digestibilities. Additionally, no effect was observed on VFA 
concentrations and on acetate;propionate ratios. Palmquist and Conrad 
I 
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(1980) concluded that fat feeding did not influence diet digestibility 
negatively. Similar results were found by West and Hill (1990) for fiber, 
DM, and fatty acid digestibility in high fat diets for dairy cows. 
Digestibilities of DM, energy and fiber were not significantly affected by 
addition of dietary fat (DePeters et al., 1987). Calcium salts of fatty 
acids (CSFA) and prilled fatty acids (Energy Booster) do not greatly alter 
rumen fermentation and apparent total tract digestibility because they are 
inert in the rumen (Schauff and Clark, 1989). Wu et al. (1993) reported 
that DMI of mid lactation cows was not reduced by fat supplementation. 
Grant and Weidner (1992) concluded that decreasing rumen pH increased 
the lag in fiber digestion moderately between pH 6.8 and 6.5 and more 
severely below pH 6.0. However, the effect of low pH on fiber digestion 
kinetics appeared to be a function of forage fiber source. When fats are 
made relatively inert in the rumen by chemical or heat treatment or through 
formation of salts of fatty acids, they can be included at higher 
concentrations in diets without apparent influence on intake. 
Oil seeds are excellent sources of fat, protein, and fiber, and they 
have advantages over pure fat in terms of processing, mixing, and handling 
(Drackley et al., 1985). Bernard (1990) found benefits on apparent diet 
digestibility when whole soybeans were fed to dairy cows at 9.4% of dietary 
DM, and this effect was attributed to a higher intake of acid detergent 
fiber. Some workers reported no difference in apparent digestibility of DM, 
CM, or cellulose (Larson and Schultz, 1970; Palmquist and Conrad, 1978; 
Stern et al., 1985). Similarly whole cottonseeds do not seem to affect DMI 
of cows (Anderson et al., 1979; DePeters et al., 1985; Smith et al., 1981) 
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or digestibility of DM or cellulose (Smith et al., 1981). 
Anderson et al. (1979) found a tendency for higher rurainal 
acetate:propionate ratios in cows fed whole cottonseed. In contrast, 
Hutjens and Schultz (1972) showed a decrease of the ruminal 
acetate:propionate ratio, and Mohamed et al. (1988) found lower DM 
digestibilities for cows fed either whole soybeans or whole cottonseeds. 
The negative effect of fats on fiber digestibility is observed with low 
fiber diets (Palraquist and Conrad, 1978). Increased apparent digestibility 
of EE has been reported consistently (Bernard, 1990), however, which might 
be caused by greater EE intake and reduced endogenous losses. Feeding late 
lactation cows soy oil at up to 2.8 lb per cow per day (7.6% of ration DM) 
in rations containing 65% forage had no effect on rumen pH, VFA production, 
or in situ forage DM disappearance (Weakley et al., 1990). 
Animal Fats 
Effects of tallow on DMI of lactating cows have been minimal when fed 
at 2 to 5% of ration DM (Drackley et al., 1992a; Mattias et al., 1982; 
Wrenn et al., 1978). Eastridge and Firkins (1992) found lower DMI with 
fancy bleachable tallow compared with either flaked or prilled tallow fed 
at 5% of dietary DM. When higher concentrations of animal fat are added to 
dairy rations, feed consumption is decreased (Kowalcyzk et al., 1977). 
Clapperton and Steele (1983) found a reduction in DMI when tallow was fed 
at 7 to 10% of ration DM, and Palmquist and Conrad (1980) reported a 
tendency for DMI and molar percentages of propionic acid to decrease in 
cows fed 5% tallow. Further, protected tallow has a detrimental effect on 
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DMI of cows (Macleod et al., 1976; Bines et al., 1978; Smith at al., 1978). 
Zinn (1989) reported that rumen acetate:propionate ratios were 66 and 
55% of control when rations (12% hay and 9% ADF) containing 4 or 8% of 
either yellow grease or an animal-vegetable blend were fed to steers 
consuming at 1.8% of body weight. This coincided with a linear decline in 
ruminal ADF digestion as fat was added to the diet. The molar percentage of 
propionate was higher and the acetate:propionate ratio was lower for diets 
containing yellow grease when compared to diets containing the animal-
vegetable fat blend. Ruminal ADF digestion was highest for rations 
containing yellow grease. Storry et al. (1973) and Palmquist and Conrad 
(1980) found little effect on rumen VFA of feeding 5 or 6% of dietary DM as 
tallow to cows. Palmquist et al. (1986) observed that tallow fed at 4% of 
ration DM increased molar percentage of propionate and decreased the 
acetate:propionate ratio in the rumen, but this alteration was prevented by 
increasing ration calcium from .6 to .96% (DM basis). 
Adverse effects of adding yellow grease (DePeters et al., 1987), 
tallow (Tamminga et al., 1983; Palmquist and Conrad, 1980), or animal-
vegetable fat blend (Palmquist and Conrad, 1980; Palmquist and Conrad, 
1978) to lactating dairy rations on total tract DM or ADF digestibilities 
were minimal. Grease, tallow, and animal-vegetable blend were fed up to 7 
to 8% of ration DM in these trials. Depression of total tract ADF 
digestibility in rations with added grease and animal-vegetable fat blend 
in steers consuming high grain diets at 1.8% of body weight (Zinn, 1989) 
was not observed in trials using lactating dairy cows (DePeters et al., 
1987; Palmquist and Conrad, 1980; Palmquist and Conrad, 1978). 
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Specialty Fats 
Commercially prepared fats contain fatty acids (FA) that are largely 
unavailable in the rumen because of their low solubility, high saturation, 
or high melting point (Chalupa et al., 1986), and they are less likely to 
adsorb to bacteria (Chalupa et al., 1984). Therefore, detrimental effects 
on ruminal fermentation from adding these fat sources to diets are 
minimized (Hill and West, 1990). There are also minimal effects of adding 
these fat sources to dairy rations on DMI and on digestibilities of DM, OM, 
ADF, NDF, and CP (Grummer, 1988; Schneider et al.,1988; Klusmeyer et al., 
1989; Schauff and Clark, 1989; Canale et al., 1990; West and Hill, 1990). 
Feeding rumen-protected fat at up to 7.2% of ration DM did not 
adversely affect rumen pH or VFA production (Schauff and Clark, 1990). 
Similar results were obtained by Grummer (1988). Schauff and Clark (1989) 
demonstrated that feeding rumen-protected fat at up to 5% of ration DM did 
not adversely affect rumen pH or VFA, and there was no influence on in situ 
disappearance of DM or fiber. Jerred et al. (1990) observed no adverse 
effect on rumen VFA from feeding prilled fat at 5% of ration DM. Palmquist 
et al. (1989) also found no adverse effects on rumen VFA from feeding 
protected fat at 4.3% of ration DM. 
Another important feature of inert fats is protection of the 
component fatty acids from biohydrogenation in the rumen, which influences 
the extent of digestibility in the lower tract (Wu et al., 1991). Jenkins 
and Palmquist (1984) showed that apparent digestibility of CSFA was 85% 
compared to 60% for control ration. Schneider et al. (1988) and Andrew et 
al. (1990) reported similar results for effects of inert fats on true 
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digestibility. Wu et al. (1991) compared biohydrogenation changes in FA of 
CSFA with animal-vegetable blend fat and found that FA in CSFA were 
subjected to less biohydrogenation in the rumen and were more digestible 
than animal-vegetable blend fat. This protection is particularly important 
because unsaturated fatty acids are more digestible than saturated FA of 
the same chain length (Sklan et al., 1985). The higher solubility of 
unsaturated fatty acids facilitates both micellar formation with bile salts 
(Andrews and Lewis, 1970) and faster transit through the unstirred water 
layer, which may be the primary rate limiting barrier for uptake of FA from 
the small intestine (Friedman and Nylund, 1980). 
Milk Production and Composition 
The physical form or the proportion of the ingredients included in a 
diet tend to alter concentrations of both protein and fat in milk (Young, 
1977). DePeters and Cant (1992) suggested that supplementation of dairy 
rations with more than 2% added fat often improves milk yield and milk fat 
percentage but depresses milk protein content by 5 to 10%. Stage of 
lactation and level of milk production are likely to be important factors 
moderating any response to dietary fat. A positive increase of milk yield 
to inclusion of fat is less likely in animals in a neutral or positive 
energy balance (Khorasani et al., 1991). West and Hill (1990) found that 
use of CSFA did not increase milk yield in Holstein and Jersey cows beyond 
130 days in lactation. Supplemental dietary fat increased milk production 
from both primiparous and multiparous cows, but the percentage of milk 
protein decreased (Madison et al., 1994). Chalupa et al. (1986) concluded 
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that fat is the dietary variable most likely to optimize milk production 
and production efficiency. Ostergaard et al. (1981) indicated that the 
largest increases in production are obtained by feeding inert fat to high 
producing cows during the early stages of lactation. 
Plant Fats 
Some earlier studies indicate that fats, particularly unsaturated 
oils, depress milk fat percentage (Goering et al., 1976; Pan, 1972). Storry 
(1970) suggested that depression of milk fat is associated with a negative 
shift in the acetate:propionate ratio in the rumen. Supplementation of 
protected safflower oil to dairy cows increased fat and protein content in 
milk; whereas, unprotected oil supplementation decreased these milk 
components (Pan, 1972; Plowman et al., 1971). Similar results were reported 
by Goering et al. (1976) who fed diets supplemented with protected soybean 
oil. No effects on milk production, however, were observed. 
Research summarized by Shaver (1990) indicated that reductions in 
milk protein percentage due to supplemental fat feeding were about .08 to 
.15 percentage units for various fat sources. Protein yield is usually not 
reduced when feeding fat because milk yield typically is increased. 
Therefore, the true effect of fat supplementation is not a reduction in 
protein synthesis but rather an increase in lactose synthesis without a 
commensurate increase in milk protein synthesis. Milk fat is not depressed 
when whole cottonseeds are fed (Moody, 1978), and it actually may be 
increased (Stanley et al., 1969; Smith et al., 1981; DePeters et al., 1985; 
Anderson et al., 1984). This increase may be caused by partial rumen by­
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pass of the oil in whole cottonseeds, by slow release of oil in the rumen 
(Moody, 1978), or by the seed hulls having high fiber content, which is 
considered to be an indispensable feed ingredient to maintain milk fat 
percentage (Devendra and Lewis, 1974). 
Effect of supplemental whole cottonseeds on milk production and 
composition is influenced by the type of forage being fed. When corn silage 
constitutes a substantial proportion of the forage, there is an increase in 
milk production with a concomitant decrease of milk fat content (Van Horn 
et al., 1984; Baker et al., 1989). On the other hand, when the main source 
of forage is alfalfa, the effect of whole cottonseed on milk production is 
minimal, and an increase of milk fat percentage is evident (Smith et al., 
1981; DePeters et al., 1985; Palmquist, 1987; Hein et al., 1990). Other 
studies (Horner et al., 1986; Mohamed et al., 1988) show no clear effects 
of whole cottonseed on milk production or composition. 
Finn et al. (1985) observed in a 120 d continuous trial that cows fed 
whole sunflower seeds produced less 4% FCM, probably because of the faster 
release of oil from rolled seeds. In contrast, McGuffy and Schingoethe 
(1982) did not observe milk fat depression when feeding whole rolled 
sunflower seeds. Their trial, however, used short (28 d) periods, which may 
not have been long enough to detect fat depression. Milk fat depression did 
not become apparent until wk 5 to 6 of trials conducted in early lactation 
(Finn et al., 1985; Drackley and Schingoethe, 1986). 
Feeding fat at 1.3 lb. per cow per day from roasted soybeans 
increased milk yield 9.7 Ib/d, but there was no effect of feeding the same 
amount of fat from raw soybeans (Faldet, 1989), suggesting that the 
24 
response to roasted soybeans was primarily due to undegradable intake 
protein (UIP) or possibly a synergism between added fat and UIP. Scott et 
al. (1990) found no difference between groups of cows fed raw and roasted 
soybeans when fat was supplied fat at 3.3% of ration DM. However, milk 
yield was 5.3 Ib/d higher, and fat test was .11 percentage units lower in 
the milk of cows fed extruded compared to those fed raw soybeans. 
Schingoethe et al. (1988) reported that milk yield and FCM were 8.8 and 3.5 
Ib/d higher, and fat test was .4 percentage units lower for cows fed 
extruded soybeans compared to cows fed SBM as controls. Depression of milk 
fat test observed in cows fed extruded soybeans is probably related to free 
oil released during the extrusion process. Mohamed et al. (1988) reported 
that feeding fat from soy oil at 4% of ration DM reduced milk fat test .7 
percentage units, but feeding the same amount of fat from raw or roasted 
soybeans did not depress fat test. 
Animal Fats 
Feeding yellow grease at 7% of ration DM reduced milk fat test .41 
percentage units compared to feeding the control ration. Further, DMI, milk 
yield and FCM were decreased in cows fed 7% grease relative to those fed 
grease at 3.5% of ration DM (DePeters et al., 1987). Shockey and Palmquist 
(1987) reported higher DMI, milk yield, and milk composition for cows fed 
tallow, when tallow and yellow grease were compared at 2.7- 2.8% of ration 
DM. In several studies feeding tallow or animal-vegetable blends at 2 to 5% 
of ration DM influenced DMI minimally, averaging an increase of .7 Ib/d 
(Bank et al., 1976; Heinrich et al., 1981; Mattias, 1982; Palmquist and 
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Conrad, 1978; Palmquist and Conrad, 1980). Clapperton and Steele (1983) 
reported a decrease of 3.9 Ib/d in DMI, however, when tallow was fed at 7 
to 10% of ration DM. Yields of FCM were higher for cows fed animal-
vegetable blend than for those fed tallow when supplemented at either 3.3 
or 5% of ration DM (Palmquist and Conrad, 1980). The differences were 
minimal when these sources were fed at 3.3% of DM in rations containing 67% 
forage. 
Feeding an animal-vegetable fat blend at 8.4% of ration DM depressed 
milk yield and composition (Palmquist and Conrad, 1978). Mammary amino acid 
(AA) utilization was affected by supplementation of dairy rations with 4% 
yellow grease. Arterial concentrations of essential AA and mammary blood 
flow rates were reduced to the detriment of milk protein synthesis (Cant et 
al., 1993). 
Specialty Fats 
In an extensive review on the effects of supplemental fats on milk 
production and composition. Shaver (1990) reported average production 
increments of 3.1 Ib/d for milk, 4.0 Ib/d for 4% FCM, .19 Ib/d for fat, and 
.05 Ib/d for protein for cows fed 2 to 3% of ration DM as CSFA. Milk fat 
content was increased by .11%, but milk protein percentage was reduced by 
.08%. Feeding CSFA often, but not always, increases milk yield and fat 
content. Schauff and Clark (1990) found that feeding CSFA at 7.2% of ration 
DM in a TMR reduced DMI and FCM 12.1 and 6.7 Ib/d, respectively. FCM was 
increased 7.8 Ib/d in a 15 d continuous lactation trial with 5% added by­
pass fat (Skaar et al., 1989). Hoffman et al. (1990), fed protected fat at 
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2.6% of ration DM in a continuous lactation trial and found that FCM 
production was increased by 2.5 Ib/d. Jerred et al. (1990) reported a 2.9 
Ib/d increase in FCM when prilled fat was fed at 5% of ration DM from day 5 
through day 100 of lactation, but cows fed supplemental fat did not respond 
until wk 6 and actually produced less milk during the first 3 wk of 
lactation than cows not fed supplemental fat. Cows fed supplemental fat 
produced about 4.5 Ib/d more FCM during the later weeks of the trial than 
cows that were not fed supplemental fat. Dry matter intake was about 3 Ib/d 
lower for fat supplemented cows resulting in similar energy intakes from 
cows fed supplemental fat and those that were not. 
Delayed (4-5 weeks) early lactation response for fat supplementation 
has also been reported by Ruesegger and Schultz (1985) who fed roasted 
soybeans, Mattias (1982) who fed tallow, and Hoffman et al. (1990) who fed 
protected fat. They indicated that there was little benefit from feeding 
fat during the first 5 to 7 weeks postpartum. Palmquist (1990), further 
suggested that fat should be fed minimally or not at all during the first 5 
to 6 wk of lactation based on the reported lack of response in early 
lactation. 
DePeters et al. (1990) found no effects on milk production or milk 
fat percentage in cows supplemented with 2.9% CSFA. Higher levels of CSFA 
in the diet, however, seemed to have negative effects on DMI and milk 
production. Dry matter intake, energy intake, and milk production were all 
substantially decreased in cows supplemented with 9% CSFA (Schauff and 
Clark. 1990). 
Canale et al. (1990) fed .5 kg of CSFA in rations containing 25 or 
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31% of NDF to cows in early and mid lactation. No interactions were found 
between CSFA and level of NDF, and primiparous and multiparous cows 
responded similarly to the treatments. Production of milk, 4% FCM and fat 
were increased, but milk protein percentage was decreased. Average response 
of milk production from cows fed protected fat at 2.5 to 5% of ration DM 
were 1.7 Ib/d of milk (1.3 Ib/d of 4% FCM) and .08 Ib/d of protein. Fat 
production was not affected, but protein percentage was increased by .04%. 
Salter et al. (1992) found no differences in milk or FCM production or in 
milk composition when prilled hydrogenated tallow was fed at 2% of ration 
DM to primiparous or multiparous cows. 
The response to fat feeding varies according to parity. Jerred et al. 
(1990) reported an increase in FCM production when prilled fat was fed at 
5% of ration DM to cows in early lactation, but this effect was evident 
only from wk 6 to wk 14 of lactation. FCM production was increased 2.7 Ib/d 
in primiparous cows compared with 7.1 Ib/d for multiparous cows (Chalupa 
and Ferguson, 1990). 
Milk Protein Depression 
Increased milk production and(or) decreased dry matter intake from 
feeding fat may prevent improvement in energy balance (Grummer and Carrol, 
1991). Emery (1978) reported that increasing energy intake of cows through 
increasing either concentrate or forage intake increased total protein 
produced in milk. However, increasing energy density by adding fat reduced 
the protein concentration of milk. DePeters et al. (1987) observed that 
percentages of fat, solids, lactose, and protein were decreased in the milk 
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of cows fed a diet containing 7% supplemental fat. Grand and Patel (1980) 
also reported a decreased percentage of protein in milk with increased 
concentrate feeding, however, no change in protein fractions was noted. 
Increased concentrations of plasma fatty acids have been shown to 
decrease concentrations of circulating growth hormone (Reynaert et al., 
1975), which may be one factor decreasing synthesis of milk protein in fat 
supplemented dairy cows (Palmquist and Moser, 1981). Palmquist and Moser 
(1981) also suggested that dietary fat may improve amino acid transport 
into the mammary gland and milk protein synthesis by inducing insulin 
resistance. Kim et al. (1991) observed that milk production increased but 
that concentrations of protein in milk tended to decrease when cows were 
fed additional fat, and further, that additional dietary protein did not 
prevent this depression. 
Casper and Schingoethe (1989) proposed a model to describe milk 
protein depression in early lactation dairy cows fed fat supplemented 
diets. They postulated that added dietary fat blocked the action of 
endogenous somatotropin on somatomedin production, thereby interfering with 
mammary amino acid uptake. Casper and Schingoethe (1989) suggested that 
somatotropin and insulin act synergistically to control amino acid uptake 
by the mammary gland and that a reduction in serum somatotropin would 
reduce mammary AA extraction from blood and thereby decrease milk protein 
synthesis. However, Palmquist and Moser (1981) earlier indicated that 
dietary fat increases rather than decreases insulin resistance, and there 
is no data to support the hypothesis of an insulin and somatotropin 
synergism in regulation of mammary amino acid uptake. Grummer (1988), 
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observed milk protein depression with the addition of 3.38 or 3.35% of 
ration DM of calcium salts of palm fatty acids to basal diets, but no 
depression occurred when prilled fat was added to the basal diets at 3.56 
or 3.51%. Schauff and Clark (1989) and Schneider et al. (1988) found no 
milk protein depression when cows were fed calcium salts of fatty acids 
and(or) prilled fatty acids. 
Fat supplementation depressed milk protein percentage even when diets 
were supplemented with additional undegradable protein, protected amino 
acids, or niacin (Canale et al., 1990; DePeters and Palmquist, 1990; Horner 
et al.,1986). Sutton et al. (1980) observed an increase in total milk 
protein of .4 percentage units when the forage:concentrate ratio decreased 
from 40:60 to 10:90 with ground corn as the cereal but not with rolled 
barley as the cereal. Evans et al. (1975) fed low roughage and high 
roughage diets at similar digestible energy intakes and observed no 
significant differences in daily milk yield or fat and lactose content; 
however, protein content increased from 2.78% with high roughage to 3.44% 
with low roughage diet. Tomlinson et al. (1984) found that addition of 
calcium soaps of fatty acids to dairy rations increased milk, protein, fat, 
and solid corrected milk yield, and further, that milk protein percentage 
was depressed when CSFA were fed with blood meal but not with soybean meal. 
Reproductive Performance 
As milk production of dairy cows continues to increase, the 
relationship between milk production and reproductive efficiency is 
becoming a higher priority to dairy scientist and producers. In high 
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producing cows during early lactation, milk production has a higher 
metabolic priority than reproduction (Harrison, 1989). Spadling et al. 
(1975) found that the highest quartile of producers averaged 20.5 
percentage units lower conception rate at first service than those in the 
lower producing quartile. Laben et al. (1982) confirmed that higher 
producing cows exhibit a detectable antagonism between production and 
reproductive performance. Longer intervals before first service (Hiller et 
al., 1984; Laben et al., 1982) and an increased incidence of mild or silent 
estruses have been consistently reported for high producers compared to low 
producers (Morrow et al., 1965). 
Inadequate energy intake prepartum and during early lactation has 
been associated with poor reproductive performance (Butler and Smith, 
1989). Theoretically, if feeding supplemental fat increases energy intake, 
severity of negative energy balance may be reduced, and better health and 
improved reproductive efficiency may result (Grummer and Carrol, 1991). 
Ferguson et al. (1990) reported that cows receiving a fat supplement were 
2.2 times more likely to become pregnant than controls. High milk 
production per se is not the cause of poor reproductive performance. 
Detrimental effects of milk production on reproduction are mainly the 
result of a tremendous mobilization of body tissue caused by inadequate 
nutrition (Chalupa and Galligan, 1990). 
Long intervals from calving to first ovulation may be alleviated 
partly by feeding high energy density supplements, such as fat, through 
effects on the overall energy status of cows (Lucy et al., 1991). Staples 
et al. (1990) demonstrated that milk production can be a poor indicator of 
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reproductive status of dairy cattle. Anestrus dairy cows produced less milk 
than cycling cows, but they were in greater negative energy balance because 
of lower feed intake. Schneider et al. (1988) fed control diets or diets 
supplemented with 2.4% calcivun salts of palm fatty acids during a 110 d 
trial and found that cows fed supplemental fat produced more 3.5% FCM (33.5 
vs 30.6 kg/d), had a higher first service conception rate (60.5 vs 43.1%), 
and were more likely to be pregnant at the end of the experiment (86.8 vs 
72.3%). 
Schingoethe and Casper (1989) evaluated 305-d lactational and 
reproductive data from several research trials in which cows were fed diets 
with or without added fat from extruded soybeans or rolled sunflower seeds 
from wk 4 to wk 16 postpartum and found that days open (136 vs 126) and 
services per conception (2.38 vs 2.15) were not different between cows 
consuming diets with or without added fat. Similarly, no differences were 
observed in reproductive efficiency of cows fed diets containing either SBM 
or 2.9 kg/d of whole heat-treated soybeans (Ruesegger and Schultz, 1985). 
Carrol et al. (1990) monitored the reproductive response of 48 cows fed 
diets containing one of three alfalfa silage:concentrate ratios (45:55, 
64:36, 84:16) and 0 or 5% prilled long-chain fatty acids and found no 
differences in reproductive performance due to either of the main effects. 
Days to first ovulation and energy balance were not affected by 0 or 3% 
calciiam salts of palm fatty acids from d 15 through d 98 postpartum 
(Erickson, 1989). 
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Metabolic Disorders 
Inadequate energy intake prepartum and during early lactation has 
been associated with an increased incidence of metabolic disorders (Curtis 
et al., 1985; Littledike et al., 1981). Fatty liver and ketosis are 
interrelated metabolic disorders that are manifested during periods of 
negative energy balance of dairy cows, especially during early lactation. 
Ketosis is characterized by elevated blood nonesterified fatty acids (NEFA) 
and ketones, and by low blood glucose and insulin (Drackley et al., 1989, 
1992b; Littledike et al., 1981; Veenhuizen et al., 1991). Grummer (1992) 
reported that susceptibility of the liver to triglyceride accumulation is 
dependent on rates of hepatic fatty acid uptake and esterification versus 
the rate of exporting esterified fatty acids. Young et al. (1990) stated 
that fatty liver potentially can have many negative effects on the overall 
metabolism of high producing cows because the liver is the "crossroad" of 
metabolism, and any abnormality of the liver can affect metabolism of 
carbohydrate, lipid, and protein. 
Ketosis occurs during periods of elevated plasma NEFA. Plasma NEFA 
concentrations increase prior to and at parturition resulting in increased 
fatty acid uptake by the liver, fatty acid esterification, and triglyceride 
storage (Grvimmer, 1993). Negative energy balance results in fatty acid 
mobilization from adipose tissue and elevated plasma NEFA. Hepatic fatty 
acid uptake is related to plasma NEFA concentrations. Several studies 
(Grummer et al., 1988; Herdt et al., 1988; Kerr et al., 1988; Kleppe et 
al., 1988; Pullen et al., 1988) suggest that ruminants are prone to 
prolonged fatty liver largely because ruminant hepatic tissue has limited 
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capacity to export triglycerides. Palmquist and Mattos (1978) showed that 
the majority of NEFA present in blood lipoproteins of dairy cattle are of 
dietary origin. Hepatic arterio-venous differences of triglycerides 
measured in sheep indicate that the liver makes no net contribution to the 
plasma triglyceride pool. 
Low blood glucose is also a critical factor in the etiology of 
ketosis and perhaps of fatty liver, and administration of glucose or 
glucogenic precursors to dairy cows alleviates symptoms of ketosis 
(Littledike et al., 1981). Veenhuizen (1988) indicated that glucose 
infusions into the duodenum of lactating dairy cows prevented ketonemia as 
well as fatty infiltration of the liver when ketosis was induced by 
moderate feed restriction and administration of 1,3-butanediol. Low blood 
glucose results from demands by the mammary gland for lactose synthesis 
(Baird et al., 1979). Decreasing concentrations of blood glucose and 
insulin could act to potentiate ketosis by increasing lipolysis in adipose 
tissue and increasing hepatic gluconeogenesis. Increased lipolysis would 
increase plasma NEFA concentrations and further stress the liver, which is 
incapable of capacious triglyceride secretion. 
Cummins and Sartin (1987) speculated that feeding a high fat-diet may 
create hormonal changes in metabolism similar to those occurring during a 
shift from negative to positive energy balance. Potential mechanisms by 
which supplemental fat may alter metabolism as related to metabolic 
disorders include; 1) decreasing fatty acid mobilization from adipose 
tissue, 2) alleviating a shortage of fatty acid precursors for mammary 
triglyceride synthesis (Kronfeld, 1982), and 3) sparing mammary tissue 
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oxidation of glucose by decreasing requirements for reduced nicotinamide 
adenine dinucleotide phosphate (NADPH) for mammary fatty acid synthesis. 
Cummins and Sartin (1987) observed an increase in the plasma 
insulin:glucagon ratio at 50 and 100 d postpartum when cows were fed 18% of 
the ration dry matter as whole cottonseed. 
Feeding calcium salts of palm fatty acids decreased plasma 
somatotropin and caused a nonsignificant increase in the 
insulin:somatotropin ratio (Schneider et al., 1988). In a continuous 
lactation trial, the insulin:somatotropin ratio was 40 to 80% greater in 
cows fed fat than those not fed fat, but the changes only occurred during 
the second half of lactation. An increase in insulin:somatotropin and(or) 
insulin:glucagon ratio would affect anti-lipolytic metabolic signals; 
therefore, plasma NEFA may be predicted to decrease during fat 
supplementation and thus decrease the likelihood of ketosis and fatty liver 
(Grummer and Carrol, 1991). Feeding a high fat diet to dairy cows appears 
to increase basal insulin concentration and the insulin:glucagon ratio, 
which decreases the rate of glucose synthesis. Thus endocrine effects of 
high fat diets appear to favor decreased milk production (Cummins and 
Sartin, 1987). 
Cummins and Russell (1985) observed that increased dietary fat 
decreases glucose pool volume and mass in dairy cows. Grummer and Carrol 
(1991) indicated that decreased plasma ketone concentrations during fat 
feeding suggest that an antiketogenic effect of dietary fat may actually be 
a glucose sparing effect. They also found that plasma 3-hydroxy-butyrate 
(BHBA) concentrations do not usually increase markedly, which is contrary 
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to what one might predict based on elevated plasma NEFA concentrations 
during fat supplementation. DePeters et al. (1989) reported that blood 
concentrations of triglycerides, NEFA, and cholesterol were increased by 
diets containing added fat. Palmquist and Moser (1981) observed that 
concentrations of total lipids in blood plasma were increased; whereas, 
glucose and insulin concentrations were decreased by protected fat. 
Feeding supplemental fat supplies fatty acids as an energy source for 
tissues and precursors for mammary triglyceride synthesis. It is well 
established that supplying long-chain fatty acids from blood to the mammary 
gland decreases de novo synthesis of fatty acids (Grummer, 1991). Plasma 
NEFA concentrations in lactating cows supplemented with dietary fat are 
increased consistently (Bines et al., 1978; Canale et al., 1990; Cervantes, 
1992; DePeters et al., 1989; Goering et al., 1976; Hutjens and Schultz, 
1970; Smith et al., 1978), but concentrations of plasma P-hydroxybutyrate 
usually do not increase (Cervantes, 1992; Bines et al., 1978; Seiner and 
Schultz, 1980; Skaar et al., 1989). When dietary fat is supplemented to 
lactating dairy cows, there is potential for decreasing the utilization of 
glucose for fat synthesis by the mammary gland (Cummins and Russell, 1985). 
Feed Cost and Efficiency 
The challenge for dairy nutritionists is to feed lactating cows to 
maintain health and maximize milk yield while minimizing cost of the diet. 
Feed efficiency customarily is defined as the ratio of milk output to feed 
input. Oldenbroek (1987) used the terra economic efficiency, which was 
defined as returns from milk minus feed costs. 
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A least cost ration is one that meets or exceeds a certain set of 
nutrient constraints at the lowest possible cost. Linear progranmiing 
techniques are used to test every possible combination of available 
feedstuffs and select the combination of feedstuffs that fulfill all 
specified constraints at lowest cost. Nutritionally a least cost ration is 
neither better nor worse than another ration with the same nutrient 
contents. It simply is less expensive for providing the same amount of 
nutrients. Modification of least cost ration software results in 
formulation of rations that maximize income over feed cost (Bath et al., 
1972). Two major factors are considered in determination of the optimum 
ration; 1) price received for milk, and 2) the principle of diminishing 
milk yield per unit of dietary energy at high levels of energy intake 
(Blaxter, 1962). 
Milk production is a curvilinear function (Dean et al., 1972). At 
higher levels of energy intake, the rate of increase in milk yield per unit 
of energy intake declines because more energy is used for fattening and 
other metabolic functions. High producing cows in a herd are the most 
profitable. Conversely, low producing cows are less efficient and waste 
feed dollars when they are fed liberally. Wang et al. (1992) indicated that 
genotype by concentrate level interactions exist for milk production and 
feed efficiency in dairy cows. They further observed that feed efficiency 
is greater for Holstein than for Ayrshire cows. 
Chalupa et al. (1986) suggested that fat is the dietary variable most 
likely to optimize milk production and production efficiency. By replacing 
some of the grain portion of the diet with fat and increasing the 
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forage:grain ratio in the diet, dietary energy concentrations can be 
maintained while potentially decreasing feed costs. Tessman et al. (1988) 
found decreased production of milk and milk protein when forage in the diet 
increased, but the decrease in feed cost made the changes economically 
acceptable for forage concentrations as high as 58% fed to mature cows in 
early lactation. Replacement of concentrate with soy hulls and fat tended 
to increase milk yield and fat corrected milk production, resulting in 
improved efficiency of milk production (Firkins and Eastridge, 1992). 
Smothers et al. (1986) suggested that body weight change was not a 
significant source of variation in gross feed efficiency. 
Conclusions 
Over the years, milk production potential of dairy cows has improved 
substantially. To maintain high levels of production, cows require 
increased intake of energy. The increased demand for some of the nutrients 
is difficult to fulfill with traditional feedstuffs. Increasing the 
metabolizable energy density of diets through higher levels of grain 
predisposes cows to different metabolic disorders, such as rumen acidosis 
and milk fat depression. High grain diets also require more acres under row 
crops, which leads to increased soil erosion and built-up of nitrates in 
the soil due to extensive use of nitrogen fertilizers. 
Forages are important components of diets for dairy cows to maintain 
normal rumen function. Increased use of legume forages (especially alfalfa) 
decreases dependence on row crops and minimizes use of nitrogen 
fertilizers. Fat is a concentrated source of energy that can be fed to 
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dairy cows to meet their increased demand of energy for high milk 
production. Fat feeding allows incorporation of high levels of forages 
without lowering the energy density of diets. Other beneficial effects of 
fat feeding include improved reproductive performance and better survival 
and performance under warm and humid conditions. 
High levels of unsaturated fats fed to dairy cows affect the rumen 
fermentation by altering/lowering the microbial activity. Commercially 
prepared inert or by-pass fats are relatively inactive in the rumen and do 
not affect normal rumen function. Combination of high levels of forages and 
fats can decrease dependence on row crops, soil erosion, and build-up of 
nitrates in the soil and improve the health status of dairy cows. 
Therefore, the specific objective of this study was to develop schemes for 
feeding dairy cows with diets that contain high levels of forages and fats 
so that dairying can be sustained as a profitable and socially acceptable 
agricultural enterprize. 
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MATERIALS AND METHODS 
A feeding trial was conducted at the Iowa State University Dairy Farm 
from December, 1992 through November, 1993. Prior to starting the main 
experiment, preliminary trials were conducted to estimate the proportions 
of fat and forage sources necessary to maintain feed intake and milk 
production. 
Animals, Diets, and Management 
Fifty multiparous mid-lactation Holstein cows between 120 to 210 days 
postpartum were used in 10 replications. The cows were assigned to 10 
blocks of five similar cows. Cows in each replication were randomly 
assigned to one of five experimental diets. Average characteristics of cows 
in each replication are given in Table 2. One diet was a control diet for 
comparison of production and economic factors. Four other experimental 
diets were formulated to contain varying amounts of forage and fat in a 2 X 
2 factorial arrangement. Cows were housed in a tie-stall barn. Diets were 
fed as a total mixed ration (TMR) twice daily at 0700 and 1600 h in amounts 
to allow approximately 10% weighback each day. The four experimental diets 
contained either 65 or 75% forage (20% alfalfa hay, 40% alfalfa haylage, 
and 40% corn silage on a DM basis), and either 5.0 or 7.50% added fat (80% 
protected fat^ and 20% yellow grease). The control diet contained 50% 
forage and 2% added fat. The composition of each diet is presented in 
Table 3. Diets were formulated to meet the requirements of a mature 
^ Energy Booster EB 100, Milk Specialties Company, Dundee, IL 
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Table 2. Average characteristics of cows in each replication assigned to 
different experimental diets. 
Averages at the start of the experiment 
Body Body 
Replication 
Days 
in milk 
Milk 
production 
Milk 
fat 
Milk 
protein 
weight 
(wk 3) 
condi 
score 
(avg) (kg/d) (%) (%) (kg) 
1 170 42, ,4 3, 50 2, ,97 637 -
2 163 42, ,2 3, ,18 3, ,13 681 3.15 
3 145 42, .8 3, 44 3, ,21 700 3.32 
4 176 34, ,1 3, ,27 2, ,95 635 3.35 
5 190 38, .5 3, .49 3, ,03 647 3.15 
6 194 39 .2 3.42 2, ,87 621 2.97 
7 167 43, .1 2, 94 2, ,93 579 2.57 
8 199 36, .1 4, .02 3, ,27 612 2.63 
9 197 39, .9 3, .34 3, .03 631 3.13 
10 184 41 .7 3 .16 2, .99 615 2.81 
Average 179 39.8 3.38 3.04 636 3.01 
SD2 17 3.2 .29 .13 35 .28 
^ Body condition scores range from 1 = very thin to 5 = obese. 
Scoring was done by the same three people each time, and results were 
averaged. 
^ Standard deviation 
41 
Table 3. Ingredient Composition of Experimental Diets. 
Diet number 
(Forage:fat)^ 
1 2 3 4 5 
Ingredient (Control)^ (75:7.5) (75:5.0) (65:7.5) (65:5.0) 
( % of DM) 
Alfalfa hay 10. 00 15, .01 14. 99 13, .03 13. ,00 
Alfalfa 
haylage 19. ,99 30, .03 29. 98 26, .07 26. ,00 
Corn silage 19, .99 30, .03 29, .98 26, .07 26. ,00 
Whole 
cottonseed 3, .92 3, .95 5, .81 3, .85 3. ,94 
Corn ground, 
shelled 32, .54 4 .35 6, .09 11, .85 14. ,97 
Soybean meal 10, .49 4, .15 4, .50 6, .02 5. ,91 
Fish meal 2, .37 1, .31 2, .37 1. ,97 
Yellow grease .40 1 .50 1, .05 1, .50 1. ,01 
Protected fat 
(EB-100) 1, .60 6 .00 4, ,20 6, .00 4. ,06 
Molasses 1 .38 .94 1, .97 1. ,97 
Dical. phosphate 1, .18 .49 ,47 .69 ,59 
T M Salt .39 .40 .37 .39 ,39 
Selenium 200 .10 .04 .04 .05 .10 
Magnesium oxide .10 .10 .09 .10 ,04 
Vitamin ADE & K 
premix .03 .20 .19 .03 .03 
^ Percentage of dietary dry matter 
^ Diet contained about 50% forage and 2% added fat 
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Table 4. Nutrient composition of experimental diets. 
Diet nvunber 
(Forage:fat)^ 
Daily 1 2 3 4 5 
Item Requirements^ (control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) 
DM (kg) 22, .95 23, .19 23, ,01 24, .26 23, ,02 23, .07 
DM (%) 60, ,6 52, ,2 52, ,2 55, ,2 55, .2 
NEl  
(Mcal/kg DM) 1, .69 1, .74 1, ,85 1, ,76 1, .89 1, .80 
CP (%) 17, ,71 17, ,75 17, ,75 17, ,77 17. ,75 17. 74 
EE (%) 3, .00 5, ,35 10, ,18 8, ,13 10, .52 8, .14 
ADF (%) 18, .50 19, ,20 25 .60 26, ,30 22, .90 22, ,90 
NOP (%) 28, ,30 30, ,00 36 .70 37, .60 33, .50 33, ,60 
NSC (%) 38, ,90 27, .37 28, ,50 30, .23 32, ,52 
Ca (%) .83 ,85 1, .07 1, ,00 1, .02 ,96 
P (%) .47 ,56 .45 .44 .50 ,48 
Mg (%) .25 ,29 ,31 ,32 ,30 ,27 
^ Percentage of dietary dry matter. 
2 NRC, (1989). 
Holstein cow producing 90 lb of milk with 3.4% fat. All diets were 
isonitrogenous (Table 4) and ranged from 1.74 to 1.89 Meal of NEl per kg of 
dry matter. 
Cows in each replication remained on trial for 6 wk. Within the 6 wk 
experimental period cows were maintained on the normal herd diet (Table 5) 
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during wk 1 to establish baseline values. During wk 2, cows were shifted 
step wise to the control and the experimental diets. During wk 3 through wk 
6 they were fed only control or their respective experimental diets, which 
were provided as TMR. 
Table 5. Ingredient composition of normal herd diet. 
Item (% of DM) 
Alfalfa haylage 16 
Corn silage 32 
Corn ground, shelled 28 
Soybean meal 9 
Top dress^ 12 
Whole cottonseed 2 
Minerals and vitamins 1 
^ CP - 22.0% NEl  = 1.98Mcal/kg ADF = 21.5% NDF = 30.1% EE = 9% 
Data and Sample Collection 
Cows were milked three times a day, and total milk production was 
recorded at every milking. Periodically, milk samples were obtained in 50 
ml plastic vials containing approximately 50 mg of potassium dichromate 
(KgCrOg) . The first milk sample was obtained at each milking 1 d prior to 
the experimental period for each replicate and composited to have one 
sample per cow. Subsequent milk samples were taken on the last day of wk 1, 
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3, 4, 5, and 6 and composited weekly to provide one sample per cow per 
week. 
Feed intake was measured by weighing the forage and concentrate 
portions of the ration prior to mixing as TMR at each feeding and removing 
and weighing orts the next morning. Samples of forages (alfalfa hay, 
alfalfa haylage, and corn silage) were taken during wk 2, 4, and 6 of each 
replication and stored at -20°C for further analysis. Additional samples of 
these forages were taken weekly to determine DM in order to adjust the 
forage to concentrate ratio to an as fed basis. Dry matter was determined 
by drying forage samples in a hot air convection oven at 55°C for 48 hours. 
Forage to concentrate ratio was adjusted weekly to provide a constant 
amount of dry matter from forage and concentrate for each diet. Orts were 
composited and sampled weekly for wk 3, 4, 5 and 6. At the end of each 
replication all weekly orts samples were composited to one sample per cow. 
Concentrate samples were taken after each batch was mixed. 
Cows from replications four through seven were fed chromic oxide 
(CrgOg) mixed in the TMR at .15% of diet DM to determine digestibility of 
diets during wk 6. Fecal "grab" samples were taken during the last 3 d at 6 
h intervals. Sample collection times were staggered for 2 h daily to have a 
representative sample for every 2 h interval during a 24 h period. For each 
collection, a 50 g sample was weighed and composited to form one sample 
per cow. Samples were stored at -20°C until analyzed for chromium content. 
Blood samples were taken from a jugular vein on the last day of wk 1, 
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3, 4, 5, and 6. Blood was collected in three 10 ml culture tubes containing 
50 USP units of heparin and one tube containing 75 |il of 4% NaF. Tubes were 
kept in ice until blood samples were centrifuged for 5 minutes at 10,000 X 
g. Plasma was harvested and stored at -20°C. 
Samples of rumen contents were collected via stomach tube on the 
last day of wk 1 and 6. Sample pH was determined immediately. Samples were 
then acidified by adding 1% of 50% sulfuric acid (HgSO^), centrifuged at 
30,000 X g for 10 min, and the supernatant was collected and stored at 
-20°C for VFA analysis. 
Feed efficiency for milk production was calculated using milk energy 
(Tyrell and Reid, 1965) and published NRC values for the digestible energy 
(DE) content of feed ingredients (NRC, 1989) by using the following 
formula: 
Milk energy (Mcal/d) 
Feed efficiency (FE %) = 
DE of feed consumed (Mcal/d) 
Body weights of cows were determined for the first 3 d of wk 3 (when 
cows began consuming only experimental diets) and again for the last 3 d of 
wk 6. Changes in body weight were used to estimate gain or loss of body 
energy. Body condition scores were obtained during wk 1, 3, and 6. 
Condition scores were determined each time by the same three individuals 
using a 5 pt. scale. 
Prices of ingredients (Table 6) used in formulating experimental 
diets (Feedstuffs, May 1994) were used to calculate feed cost for the 
46 
different diets. Farm price of milk (Wunder, 1994) for the same period was 
used to determine the economic returns from feeding experimental diets. An 
additional bonus price for every .1% over 3.5 or 3.2% for milk fat or 
protein, respectively, also was used to add or subtract from the base 
value. Income over feed cost was calculated by dividing the value of milk 
produced by the cost of the amount of the feed consumed by a cow per day. 
TABLE 6. Prices of ingredients used in the control and the treatment diets. 
Ingredient Price 
Alfalfa hay ($/tonn) 80. ,00 
Alfalfa haylage ($/tonn) 35. ,00 
Corn silage ($/tonn) 19. ,00 
Whole cottonseed ($/tonn) 165. 00 
Corn ground, shelled ($/bushell) 2. ,55 
Soybean meal ($/tonn) 180, ,00 
Fish meal ($/tonn) 380, ,00 
Yellow grease ($/lb) 0 .14 
Protected fat (EB-100) ($/100 lb) 45, .00 
Molasses ($/tonn) 100, ,00 
Dicalcium phosphate ($/100 lb) 16, ,80 
Trace mineral salt ($/100 lb) 11, ,50 
Magnesium oxide ($/100) 23, .25 
Vitamin A, D, E, and K mix ($/lb) 0, ,50 
47 
Chemical Analyses 
Composited milk samples from all individual cows for a given week 
were analyzed for milk fat, protein, and total solids^ by using an 
Infrared analyzer (Milk-O-Scan 203, Foss Food Technology, Eden Prairie, 
MN). Energy corrected milk was calculated as described by Tyrrell and Reid 
(1965). 
Forages, concentrates, and orts were analyzed® for moisture, crude 
protein, ADF, NDF, fat, starch, Ca, P, Mg and K. Fecal samples were dried 
in a hot air oven at 55°C for 48 hours and ground through a 1 mm screen in 
a Wiley mill. The ground samples then were analyzed for chromium (Williams 
et al., 1962). 
Plasma glucose concentrations were determined spectrophotometrically 
by using a commercial kit (Sigma glucose kit # 315-500, Sigma Chemical Co., 
St. Louis, MO). Nonesterified fatty acid concentrations were determined by 
using a modification of a commercial kit (NEFA-C kit, Wako Chemical Co. 
USA, Dallas, TX) as described by Drackley (1989). Concentrations of BHBA 
were determined from plasma samples. One ml of plasma was deproteinized by 
using 2 ml of .3N Ba(0H)2 and 2 ml of 5% ZnSO^ (Somogyi, 1945) The protein 
free filtrates were then assayed enzymatically for p-hydroxybutyrate 
(Williamson and Mellanby, 1974). 
Concentrations of VFA in rumen fluid were determined by gas 
''Courtsey of Swiss Valley Farms, Hopkinton, lA 
^Courtsey of Agri-King Inc. Fulton, IL 
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chromatography (Erwin et al., 1961) by utilizing an automated gas 
chromatograph (model 4600; Varian, Palo Alto, CA), using a packed column 
(Supelco, 1990). 
Statistical Analyses 
The data were subjected to analysis of variance by using general 
linear model procedures of SAS (SAS Institute, 1982). Treatments were 
applied using 2X2 factorial arrangement having two levels of forage and 
two levels of added fat. Covariate adjustments were made for response 
variable differences to take into account any variation in these variables 
during wk 1 when all cows were fed the herd diet. Average milk production 
during wk 1 was used as covariate. Three orthogonal linear contrasts were 
constructed to test differences between control and the treatments, forage 
levels, and fat levels. Replication * diet was used as error term to test 
statistical importance. 
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RESULTS AND DISCUSSION 
Production performance of dairy cows is highly dependent upon the 
amount and type of feed they consume. As stated in the objectives for this 
study, the experimental diets were formulated to contain high levels of 
forage and supplemental fat. Fiber intake capacity of cows varies with age 
and stage of lactation. High forage diets limit nutrient intake by 
restricting dry matter intake. Another important factor controlling feed 
intake is palatability and acceptance of different feeds. 
Before starting the main experiment, different combinations of 
alfalfa hay, alfalfa haylage, and corn silage were fed to cows in 
preliminary trials to determine forage palatability. The combinations 
started with total legume forage, but due to a major decrease in dry matter 
intake and subsequently in milk yield, corn silage was also included in the 
forage mixture. A combination of 20% alfalfa hay, 40% alfalfa haylage, and 
40% corn silage (on DM basis) did not cause any drastic change in DM intake 
or milk yield of mid lactation Holstein cows. This ratio for the forage 
mixture was maintained in the four experimental diets and in the control 
diet throughout the study. 
Characteristics of Cows 
Ten replications of five mid-lactation multiparous Holstein cows were 
used. Cows for each replication were selected on the basis of their milk 
production level and stage of lactation. Average physical and production 
characteristics of cows used in each replication were given in Table 2. 
Average days in milk at the start of each replication ranged from 145 to 
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199 with the general average for all replications being 179 d. Average milk 
production and milk fat and protein percentages were 39.8 kg/d and 3.38 and 
3.04% respectively. 
Cows were scored for body condition during wk 1, 3 and 6. Body 
weights of the cows were taken for three consecutive days at the start of 
wk 3 and again during the last 3 d days of wk 6 of the experiment to 
determine changes in the body weight during the period when cows were 
actually fed the experimental diets. Three cows used in replications 3, 5 
and 7 were used again in replications 6, 8, and 9 respectively, as they fit 
into the group based upon milk production and stage of lactation. 
There were no serious health problems during the experiment except 
for two cows, one each in replications 2 and 3, that exhibited mild 
clinical symptoms of mastitis and one cow in replication 8 that went off-
feed for 2 d. 
Body Weight, and Body Condition Scores 
Average body weights of cows consuming the five different diets are 
given in Table 7. Body weight changes within the diets from wk 3 to wk 6 
were not different. However, comparison of body weights of cows fed diets 
containing different levels of forage and different levels of fat revealed 
significant differences (P < .01). Because cows were past peak lactation, 
not much change in body weight was expected. Cows on the two 75% forage 
diets lost about 2.5 kg of body weight during the experimental period. This 
loss could be attributed to a decrease in the dry matter intake for these 
high forage diets. These cows, in an attempt to maintain production levels 
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Table 7. Body characteristics of cows assigned to different 
experimental diets during the experimental period. 
Diet 
(forage:fat)^ 
Charact- 12 3 4 5 
eristic (Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) 
Body 
weight^ wk 3 637 653 593 673 621 
(kg) 
wk 6 636 650 591 676 629 
Body 
condition 
score® 
wk 1 2.82 3.17 3.02 3.19 2.85 
wk 3 2.91 3.03 2.86 3.22 2.89 
wk 6 3.02 3.19 3.05 3.40 3.03 
^ Percentage of dietary dry matter 
^ changes in the body weight from wk 3 to wk 6 were nonsignificant. 
® diets with different fat levels had significant effect (P < .01) 
probably utilized body reserves which caused a decrease in body weight. 
Cows consuming 65% forage diets gained 3 and 6 kg for high (7.5%) and 
medium (5.0%) fat diet respectively. Cows fed the control diet maintained 
body weight during the experiment (Table 7), however, milk production from 
these cows was higher compared with that of treated cows (34.2 vs. 31.3 
kg/d). This increased milk production was maintained through increased DM 
intake (27.5 vs. 20.5 kg/d). 
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Few studies have reported the effects of supplemental fat on body 
weight changes in cows. Cervantes (1992) reported an average cumulative 
gain of 11 kg for cows fed CSFA for 5 wk. Schneider et al. (1988) found no 
effects on body weight of Jersey and Holstein cows in early lactation 
supplemented daily with .45 or .50 kg of CSFA, respectively. Similarly West 
and Hill (1990) reported no body weight changes with cows of the same breed 
averaging 95 d in milk. 
All cows fed the four experimental diets (Table 7) had a higher body 
condition score (BCS) at wk 6 than that of cows fed the control diet (3.17 
vs. 3.02, P <.07). Differences in body condition scores (Table 7) of cows 
fed diets containing different levels of forage were not significant, 
whereas differences in body condition scores (3.30 vs. 3.04) of cows fed 
diets with different levels of fat were highly significant (P <.01). 
Cows fed diets containing 75% forage lost body condition when 
changed from the normal herd diet to their respective experimental diets. 
However, they recovered this body condition by the end of the experimental 
period, indicating that these cows needed longer adjustment periods for 
diets containing 1.5 times more forage than their normal diet. The BCS of 
cows consuming the control or one of the four experimental diets and among 
those consuming diets with different levels of forage were nonsignificant; 
however, body condition scores of cows fed diets with different levels of 
fat differed significantly (P <.01). 
Body condition score is becoming an important indicator of the 
potential ability of cows to produce milk, reproduce at ideal intervals, 
and attain longevity in the herd (Sniffen and Ferguson, 1991). Pedron et 
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al. (1993) concluded that adequate adipose tissue reserves at calving 
support energy requirements for milk production. Dairy cows calving in 
higher body condition have adequate fat reserves to support milk 
production. Although DM intake in cows fed the diets containing 75% forage 
was decreased, milk production per unit DM intake was higher than the cows 
fed diets containing 65% forage or those fed control diet. Cows on 75% 
forage diets lost condition at the beginning of the experimental period by 
maintaining milk production at the expense of body condition. After 
adjusting to high forage, high fat diets, these cows regained body 
condition by the end of the experiment. Eastridge and Palmquist (1988) 
reported that BCS tended to increase by .03 and .08 units in cows during 
early lactation that were supplemented with .45 kg of CSFA beginning at 
either wk 2 or 6 of lactation respectively. 
Cows used in our study had an average initial BCS of 3.01 and a final 
BCS of 3.14. Frood and Croxton (1978) concluded that cows that have an 
intermediate amount of fat, as estimated by BCS, produce more milk than 
cows at either extreme. Waltner (1993) reported that BCS must be sufficient 
at calving to allow maximal milk production and health. They also found 
that excessive BCS loss at calving and during milk production results in 
depressed milk production and suboptimal performance. 
Feed Intake 
Pretreatment Intake 
Average pretreatment (wk 1) daily intakes of DM, CP, ADF, NDF, and EE 
are given in Table 8. Pretreatment DM intake by cows assigned to the 
Table 8. Average feed intake by cows fed different experimental diets during the pretreatment (wk 1) 
period 
Diets 
(forage:fat) Contrasts 
12 3 4 5 Control vs. Forage Fat 
Item (Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) treatments levels levels 
Intake (kg/d) Significance 
DM 22.1 20.9 21.5 21.6 21.6 * NS NS 
CP 3.83 3.60 3.71 3.72 3.73 ** NS NS 
ADF 5.05 4.80 4.90 4.95 4.96 ** NS NS 
NDF 7.12 6.68 6.88 6.90 6.96 ** NS NS 
EE .85 .80 .82 .83 .83 ** NS NS 
DE (Mcal/d) 75.8 71.6 73.7 73.9 74.2 * NS NS 
Energy 
efficiency (%) 39.8 36.7 38.5 36.9 39.0 * NS NS 
* = P <.05 
** = P <.01 
NS = nonsignificant 
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control diet differed significantly (P <.05) from that observed for cows 
assigned to experimental diets (22.1 vs. 21.4 kg/d). Dry matter intake 
among cows assigned to diets with different levels of forage or fat did not 
differ significantly. Crude protein, ADF, NDF, and EE intakes were 
different (P <.01) in control cows versus those assigned to experimental 
diets (Table 8). Differences in pretreatment intakes of CP, ADF, NDF, and 
EE in cows assigned to diets containing different levels of forage or fat 
were not significant. 
Average digestible energy intake for all dietary groups during the 
pretreatment period was 73.8 Mcal/d with significant (P <.05) differences 
between control and treatment groups, whereas no differences were observed 
between cows fed diets with different levels of forage or fat (Table 8). 
Energetic efficiency of milk production calculated by dividing milk 
energy (Tyrell and Reid, 1965) by digestible energy (DE) of feed consumed 
for cows during the pretreatment period averaged 38.2%. Control and 
treatment groups differed significantly in energetic efficiency. All cows 
assigned to experimental diets containing different levels of forage and 
fat, however, were similar in converting feed energy into milk energy. 
Treatment Period Intakes 
Average intakes of DM, CP, ADF, NDF, and EE (Table 9) by all cows 
during the treatment period (wk 3 to wk 6) were 21.9, 4.63, 6.91, 7.71, and 
1,79 kg/d respectively. Dry matter intakes in the control versus the four 
treatment groups were 27.5 vs. 20.5 (4.33 and 3.23% of body weight 
respectively) (P <.01). DM intake decreased in cows fed the four treatment 
Table 9. Average feed Intake by cows fed different experimental diets during wk 3, 4, 5, and 6 of 
the experimental period. 
Item 
DM 
CP 
ADF 
NDF 
EE 
Diets 
(forage;fat) Contrasts 
12 3 4 5 Control vs. Forage Fat 
(Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) treatments levels levels 
27.5 
6 . 2 8  
8.38 
8.63 
1.72 
18.4 
3.84 
5.75 
6.95 
1.75 
Intake (kg/d) 
20.9 19.9 22.6 
4.20 4.01 4.83 
6.99 6.37 7.04 
8.14 6.93 7.92 
1.58 2.01 1.86 
Significance_ 
ick "kic 
'k'^ k "kic 
•kk NS 
k-k NS 
NS 
** 
** 
•k* 
DE (Mcal/d) 92.4 
Energy 
efficiency (%) 29.4 
6 2 . 8  
34.7 
70.0 
34.0 
69.3 
33.4 
76.5 
32.9 •k* NS 
** 
* = P <.05 
** = P <.01 
NS = nonsignificant 
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diets, whereas cows fed the control diet increased DM consumption (22.1 vs. 
27.5 kg/d) during pretreatment and experimental periods respectively. Both 
forage levels and fat levels had significant effects (F <.01) on DM intake. 
Cows fed diets containing 75% forage had decreased DM intake as 
compared with those fed 65% forage (19.7 vs. 21.3 kg/d). Similar changes in 
DM intakes were observed for cows fed diets containing 7.5% vs. 5.0% fat 
(19.2 vs. 21.8 kg/d respectively) (Figure 1). 
The DM intake response of cows to control and experimental diets was 
different (Figure 1). There was an abrupt increase in DM intake by cows fed 
the control diet from wk 1 to wk 3. Cows on all treatment diets decreased 
DM intake slightly when fed these diets during wk 3 following a 1 wk 
adjustment period (Figure 1) During wk 4, cows on diets containing 7.5% of 
supplemental fat had a lower DM intake than during wk 3, whereas cows fed 
diets with 5.0% fat improved DM intake during wk 4 as compared to wk 3. 
During wk 5 and 6, DM intake of all cows on treatment diets were similar. 
This suggests that cows fed diets with high levels of fat needed more time 
to adjust to high fat diets compared to cows fed diets containing medium 
levels of fat or those fed control diets. 
Several previous studies (Wrenn et al., 1978: Mattias et al., 1982; 
Drackley et al., 1992a) found that DM intake of lactating cows is minimally 
affected when supplemental fat is fed at 2 to 5% of the ration DM. 
Kowalcyzk et al. (1977) reported that feed consumption is decreased when 
higher concentrations of animal fat are added to dairy rations. Clapperton 
and Steele (1983) found a decrease in DM intake when tallow was fed at 7 to 
10% of ration DM. Some other workers (Bines et al., 1978; Macleod et al., 
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Figure 1. Dry matter intake by cows fed either the control or one of the 
four treatment diets during wk 3 to 6. (Pooled SEM = .576). The 
numbers in parenthesis in the legand box are the percent forage 
(75 or 65) followed by the percent supplemental fat (7.5 or 
5.0) in the diets. 
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1976; Smith et al., 1978) reported that protected tallow has a detrimental 
effect on DM intake of cows. Schauff and Clark (1990) found a linear 
decrease in DM intake when CSFA was added to diets at 6 or 9% of the 
dietary DM. 
Total daily intake of CP, ADF, and EE varied with variation in DM 
intake. However, no differences were observed in ADF and NDF intake of cows 
consuming diets with different levels of forage, suggesting that NDF is an 
important factor in regulating intakes in cows. Mertens (1992) related NDF 
to the filling effect and energy density of diets. Intake of NDF during the 
experimental period remained fairly constant. Intake of EE wa;i increased 
during the experimental period when compared with the pretreatment period, 
which is attributable to the addition of supplemental fat. There were no 
differences in average daily EE intake between cows fed the control or the 
four treatment diets. Increase in intake of EE in cows fed the control diet 
was due to increased feed intake. 
Digestible energy intake (Table 8 and 9) during wks 3 to 6 for all 
five diets was low as compared with the pretreatment period (74.1 vs. 73.8 
Mcal/d), whereas DE intake of the control diet was higher than both 
pretreatment DE intake and that of experimental diets (Table 9). DE intake 
for cows fed the control and those fed the treatment diets, and for cows 
fed diets containing different levels of forage and fat were different (P 
<.01). Comparing DE intake within diets from wk 3 to 6 revealed no 
difference. There was a noticeably greater difference in DE intake between 
control and treatment diets (92.4 vs. 69.7 Mcal/d), primarily due to high 
DM intake of the control diet. 
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Average energetic efficiency of milk production for all five groups 
during the experimental period was 32.9% (Table 9) compared with 38.2% 
(Table 8) during the pretreatment period. Energy efficiency of cows fed the 
control diet decreased. Average energy efficiency for the four treatment 
diets was higher than that of the control diet (33.8 vs. 29.4%) (Table 9). 
Higher DM intake by cows consuming the control diet resulted in less 
efficient utilization of feed energy. Dean et al., (1972) reported that 
milk production is a cuirvilinear function, and at higher levels of energy 
intake the rate of increase in milk yield per unit of energy intake 
declines because more energy is used for other metabolic functions. Firkins 
and Eastridge (1992) found improvement in the efficiency of milk production 
when concentrate in the diet was replaced with soy hulls and supplemental 
fat. There was no difference in the energy efficiency of cows fed diets 
containing different levels of forages, whereas cows fed diets containing 
different levels of fat were different (F <.01). 
Milk Production and Composition 
Pretreatment Data 
Average milk production and composition during the pretreatment 
period (wk 1) when all cows were fed the hed diet is presented in Table 10. 
Pretreatment milk production by cows assigned to control and experimental 
diets was different (41.4 vs. 39.7 kg/d). Cows assigned to be fed diets 
containing different forage levels were similar in their production, 
whereas those assigned to diets containing different fat levels were 
producing at different levels (P <.01). Energy corrected milk (ECM) and 4% 
Table 10. Milk production and composition during the pretreatment (wk 1) period. 
Diets 
(forage;fat) Contrasts 
12 3 4 5 Control vs. Forage Fat 
Item (Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) treatments levels levels 
Milk (kg/d) 41, .4 38, .2 40, ,7 38, .9 40. 8 ** 
-Significance 
NS ** 
4% FCM (kg/d) 38. 5 33, .9 36, ,6 34, .7 37. ,4 ** * ** 
ECM (kg/d) 41. 6 36, .9 39, .7 37, .9 40, .3 ** * ** 
Milk/DMI (kg/kg) 1. ,91 1, .85 1, .91 1, .82 1, ,90 NS NS ** 
Milk fat (%) 3. ,52 3, .27 3, .32 3, .30 3, .48 ** ** ** 
Milk fat (kg/d) 1, .46 1, .24 1. ,35 1. 27 1. 41 ** * ** 
Milk protein (%) 3. ,07 3, .03 3. ,01 3, .09 2, .98 NS NS ** 
Milk protein (kg/d) 1. 28 1, .16 1. 23 1, .20 1, .22 ** NS ** 
Lactose (%) 4. ,84 4, .68 4. ,71 4. 75 4. 75 ** * NS 
Total solids (%) 12, ,33 11, .87 11. ,86 11. 96 11. 99 ** NS NS 
* = P <.05 
** = P <.01 
NS = nonsignificant 
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FCM production was different between cows assigned to control and 
experimental diets, and diets containing different levels of forage or fat. 
Milk production per kg of DM intake was not different for cows to fed 
fed control or treatment diets or cows to be fed diets with different 
forage levels, whereas those assigned to diets with different levels of fat 
produced different quantities of milk. Milk fat percentage among all 
groups differed significantly (P <.01). No differences were observed for 
milk protein percentages except for those from cows assigned to diets 
containing different levels of fat. Lactose and total solids percentage in 
milk differed between control and treatment groups (P <.01). Lactose was 
different between cows assigned to diets with different forage levels (P 
<.05) Differences in total solids for diets with different forage levels, 
and lactose and total solids both for diets with different fat levels were 
not different. The differences that existed in total daily milk production, 
4% FCM, ECM, and milk composition during pretreatment period were adjusted 
in the treatment period by using pretreatment mean milk production as a 
covariate. 
Treatment Data 
Average milk production (Table 11) during the treatment period was 
lower for all diets than that during the pre-treatment period (31.9 vs. 
40.0 kg/d). The decrease was partly due to a decrease in DM intake caused 
by the inclusion of high levels of forage and fat in the experimental 
diets. Declines in the milk production during the adjustment period (wk 2) 
were never recovered by cows during the treatment period. Some decline in 
Table 11. Milk production and composition from cows fed different diets during the experimental 
period. 
Diets 
(forage:fat) Contrasts 
12 3 4 5 Control vs. Forage Fat 
Item (Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) treatments levels levels 
-Significance-
Milk (kg/d) 34, .2 30, .5 31, .3 31. 0 32. 5 •k* NS NS 
4% FCM (kg/d) 33. ,8 29. 8 31. 2 30. 5 32, .0 ** NS NS 
ECM (kg/d) 36, .6 31, .5 33. 1 32. 7 34. 1 ** NS * 
Milk/DMI (kg/kg) 1, .26 1. 74 1. 55 1, .60 1. 53 ** NS ** 
Milk fat (%) 3. 98 3. 83 3. 98 3. 95 3. 94 NS NS NS 
Milk fat (kg/d) 1. 35 1. 17 1, .25 1. 21 1, ,27 ** NS * 
Milk protein (%) 3. 22 2. 92 2. 98 3, .12 3. 02 ** ** NS 
Milk protein (kg/d) 1, ,10 .89 .94 ,96 ,98 ** * NS 
Lactose (%) 4, ,71 4. 36 4. 49 4, .51 4. ,54 ** ** •kic 
Total solids (%) 12. ,77 11. 89 12. ,27 12. 36 12. 33 ** ** ** 
* 
** 
NS 
= P <.05 
= P <.01 
= nonsignificant 
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milk production may also be attributed to the advancing stage of lactation 
as described by a normal lactation curve. Total daily milk production from 
cows fed control and experimental diets averaged 34.2 and 31.3, kg 
respectively (Table 11), (P <.01). Milk production from cows consuming 
diets with different levels of forage and(or) different levels of fat was 
not different. 
Average milk production from cows consuming diets with different 
levels of forage and fat is shown in Table 11. Cows fed diets with higher 
(75%) levels of forage and higher (7.5%) levels of fat produced 
comparatively less milk (30.9 vs. 31.8 and 30.8 vs. 31.9 kg/d 
respectively). All experimental and control diets had a similar effect on 
milk production performance of cows (Figure 2). Differences in milk 
production between wk 3 and wk 6 probably were due to normal production 
decreases in late lactation. Production of 4% FCM and ECM (Figures 3 and 4) 
responded similarly to the control diet and to different treatment diets. 
Milk production per kg of DM intake was different (P <.01) between 
all treatment and control groups (Table 11). Average milk production per kg 
DM intake was highest for cows fed the 75% forage, 7.5% fat diet as 
compared to cows fed the control diet (1.74 vs. 1.26 kg milk/kg DMI, 
respectively) (Table 11). There was an overall decline with time in kg milk 
produced per kg DM intake for all diets (Figure 5); the response is in 
contrast to that describing DM intake. Because of the rapid increase in DM 
intake in cows fed control diets, milk production per kg DM intake went 
down from 1.91 kg to 1.32 kg during the period from wk 1 to wk 3. Cows fed 
the 75% forage, 7.5% fat diet had the highest milk production of all the 
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Figure 2. Milk production by cows fed the control or the treatment diets 
during the experimental period (wk 3-6). (Pooled SEM = .350). 
The numbers in parenthesis in the legand box are the percent 
forage (75 or 65) followed by the percent supplemental fat (7.5 
or 5.0) in the diets. 
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Figure 3. Average 4% FCM production by cows fed the control or the 
treatment diets during the experimental period (wk 3-6). 
(Pooled SEM = .399). The numbers in parenthesis in the legand box 
are the percent forage (75 or 65) followed by the percent 
supplemental fat (7.5 or 5.0) in the diets. 
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Figure 4. Average energy corrected milk (ECM) production by cows fed the 
control or the treatment diets during the experimental period 
(wk 3-6). (Pooled SEM =• .394). The numbers in parenthesis in the 
legand box are the percent forage (75 or 65) followed by the 
percent supplemental fat (7.5 or 5.0) in the diets. 
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Figure 5. Milk production per kg of DM Intake by cows fed the control or 
the treatment diets during the experimental period (wk 3-6). 
(Pooled SEM — .049). The numbers in parenthesis in the legand box 
are the percent forage (75 or 65) followed by the percent 
supplemental fat (7.5 or 5.0) in the diets. 
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treatment groups and came closest to maintaining their production level 
throughout the experimental period. 
Because cows used in our experiment were all mid lactation cows, no 
increases were observed for milk yield by feeding diets containing 
supplemental fat during the treatment over the pretreatment period. West 
and Hill (1990) reported that use of CSFA did not increase milk yield in 
Holstein and Jersey cows beyond 130 days in lactation. Ostergaard et al. 
(1981) also indicated that the largest increases in milk production are 
obtained by feeding inert fat to high producing cows during early stages of 
lactation. DePeters et al. (1987) observed a decrease in DM intake and FCM 
production in cows fed 7% grease compared with those fed 3.5%. Similar 
results were reported by Schauff and Clark (1990) when they fed CSFA at 
7.2% of the ration DM. However, Skaar et al. (1989) found an increase of 
12.1 and 6.7 Ibs/d in DM intake and FCM production when they fed added by­
pass fat at 5% of the ration DM. In another trial Jerred et al. (1990) 
observed an increase of 2.9 Ib/d in milk by feeding 5% prilled fat during 
early lactation. Response of total milk fat and protein production (Table 
11) differed between control and treated groups. Cows fed the control diet 
produced more total fat compared with those fed treatment diets, (Table 11) 
i.e., 1.35 vs. 1.23 kg/d, respectively. Differences were mainly due to high 
milk production by cows fed the control diet. Total milk fat production 
declined as milk production decreased in all groups of cows (Figure 7). 
Total milk protein production per day was also different between the 
control and the treated groups (1.10 vs. .94 kg/d respectively) (Table 11, 
Figures 9). This was mainly due to changes in total milk production . 
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Figure 6. Average fat percentage in milk by cows fed the control or the 
treatment diets during the experimental period (wk 3-6). 
(Pooled SEM = .052). The numbers in parenthesis in the legand box 
are the percent forage (75 or 65) followed by the percent 
supplemental fat (7.5 or 5.0) in the diets. 
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Figure 7. Total daily milk fat production by cows fed the control or 
the treatment diets during the experimental period (wk 3-6). 
(Pooled SEM = .020). The numbers in parenthesis in the legand box 
are the percent forage (75 or 55) followed by the percent 
supplemental fat (7.5 or 5.0) in the diets. 
72 
Average fat percentages of milk from cows fed the control and the 
experimental diets are given in Table 11. Milk fat percentage was higher 
during the treatment period (Table 11) when compared with the pretreatment 
period (Table 10) (3.94 vs. 3.38% respectively). No differences were noted 
in the milk fat percentage between control and treatment groups and between 
cows fed diets containing different levels of forage or fat. Figure 6 
shows changes in milk fat percentage during the experimental period. 
Average milk protein percentage was different between control and 
treated groups. As shown in Table 11, cows fed the control diet produced 
milk with 3.22% protein, whereas those fed experimental diets produced milk 
with average protein content of 3.01%. There was a decrease of about .08% 
from pretreatment value in the protein content of milk from cows fed the 
75% forage and 7.5% fat diet. For cows fed the other three treatment diets 
and control diet protein content of milk was higher than that during 
pretreatment period (Figure 8). The greatest increase in milk protein 
percent among treatment groups was observed in the diet containing 65% 
forage and 7.5% fat. Changes in milk protein content for cows the fed diet 
containing 75% forage, 7.5% fat was negative up to the 5th wk of experiment 
but tended to increase during 6th week. Cows fed diets with 75% forage and 
5.0% fat had a declining milk protein content during the 4th week of the 
experiment; thereafter a significant increase in the protein content was 
observed during the last two weeks of the study. This suggests that a 
little longer experimental period of 8 to 10 weeks may be necessary to 
determine changes in the protein content of milk from cows fed high forage 
high fat diets. The milk protein content of cows fed diets containing 65% 
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Figure 8. Average protein percentage in milk by cows fed the control or the 
treatment diets during the experimental period (wk 3-6). 
(Pooled SEM = .020). The numbers in parenthesis in the legand box 
are the percent forage (75 or 65) followed by the percent 
supplemental fat (7.5 or 5.0) in the diets. 
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Figure 9. Total daily milk protein production by cows fed the control or 
the treatment diets during the experimental period (wk 3-6). 
(Pooled SEM - .012). The numbers in parenthesis in the legand box 
are the percent forage (75 or 65) followed by the percent 
supplemental fat (7.5 or 5.0) in the diets. 
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forage and 7.5% fat was stable during first 4 weeks, decreased during the 
5th week and an increase was observed in the 6th week of the experiment. 
In an extensive review, Shaver (1990) indicated that reductions in 
milk protein percentage due to fat feeding were about .08 to .15 percentage 
units for various fat sources, whereas an increase of .11% in milk fat 
content was reported. Jerred et al. (1990) reported a 2.9 Ib/d increase in 
FCM when prilled fat was fed at 5% of ration DM from day 5 through day 100 
of lactation. They observed that cows fed supplemental fat did not respond 
until wk 6 and actually produced less milk during the first 3 wk of 
lactations, however, they produced more during later weeks of the trial. 
DePeters et al. (1990) found negative effects of higher levels of CSFA in 
the diet on DM intake and milk production. Canale et al. (1990) found no 
effect of feeding 2.5 to 5% protected fat on milk fat production, whereas 
an increase of .04% in protein percentage was observed. DePeters et al. 
(1987) observed a decrease in percentage of fat, solids, lactose, and 
protein in milk of cows fed 7% supplemental fat. Palmquist and Moser (1981) 
suggested that increased plasma fatty acids may be responsible for milk 
protein depression by decreasing concentrations of circulating growth 
hormone. Grummer (1988) found a depression of milk protein when cows were 
fed 3.38 or 3.35% of ration DM as calcium salts of palm oil fatty acids, 
but no depression occurred when prilled fat was added to the diet at the 
same level. 
Lactose percent in the milk (Table 11) differed between cows fed 
control or experimental diets and those fed diets with different levels of 
forage or fat. Cows consuming the control diet produced milk containing 
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Figure 10. Average lactose percentage in milk by cows fed the control or 
the treatment diets during the experimental period (wk 3-6). 
(Pooled SEM = .027). The numbers in parenthesis in the legand 
box are the percent forage (75 or 65) followed by the percent 
supplemental fat (7.5 or 5.0) in the diets. 
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Figure 11. Total solids percentage in milk by cows fed the control or 
the treatment diets during the experimental period (wk 3-6). 
(Pooled SEM = .080). The numbers in parenthesis in the legand 
box are the percent forage (75 or 65) followed by the percent 
supplemental fat (7.5 or 5.0) in the diets. 
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4.71% lactose, whereas those on the four treatment diets produced milk with 
4.48% lactose. Decreases in lactose concentrations were greater during the 
adjustment period and there was no difference in changes in lactose 
contents of milk from cows fed different diets during wk 3 to wk 6 of the 
experiment (Figure 10). 
Total solid contents of milk were significantly different among 
different treatment groups (Table 11). Cows fed the control diets produced 
milk with 12.77% solids, and the four treatment groups averaged 12.21% 
solids. Cows consuming diets with different levels of forage or fat 
differed in total solid contents of their milk. The average total solids in 
the milk were higher during the treatment period, with the greatest 
increase occurring during the adjustment period (Figure 11). Increase in 
total daily milk fat production was probably due to corresponding increases 
in milk fat percentage. 
Blood Metabolites 
Average concentrations of plasma glucose, NEFA, and BHBA during the 
pretreatment period are given in Table 12. Concentrations of these 
metabolites in the blood of cows assigned to control or experimental diets 
and those assigned to diets with different levels of forage or fat were not 
significantly different. 
Average glucose concentrations (Table 13) in the blood of cows fed 
the control or one of the four treatment diets were 70.72 and 67.35 mg/dl 
respectively (P <.05). No differences were observed in plasma 
concentrations of glucose in the blood of cows fed diets with different 
levels of forage or fat. Comparing the treatment with the pretreatment 
Table 12. Average plasma glucose, nonesterifled fatty acids (NEFA), and P-hydroxybutyrate BHBA 
concentrations of cows during the pretreatment (wk 1) period. 
Diets 
(forage:fat) Contrasts 
12 3 4 5 Control vs. Forage Fat 
Item (Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) treatments levels levels 
Significance 
Glucose 71.35 69.72 68.05 69.96 74.98 NS NS NS 
(mg/dl) 
NEFA 
(Heq/L) 169.80 171.16 181.92 180.85 201.20 NS NS NS 
BHBA 
(mg/dl) 5.19 4.53 5.54 4.84 5.40 NS NS NS 
VD 
NS = nonsignificant 
Table 13. Average plasma glucose, nonesterlfied fatty acids (NEFA), and P-hydroxybutyrate (BHBA) 
concentrations of cows during wk 3, 4, 5, and 6 of the experimental period. 
Diets 
(forage:fat) Contrasts 
Item 
12 3 4 5 Control vs. Forage Fat 
(Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) treatments levels levels 
Glucose 
(mg/dl) 
70.72 67.57 65.66 67.94 68.23 
Significance--
** NS NS 
NEFA 
(lieq/L) 148.53 212.42 205.54 209.54 187.60 ** NS NS 
BHBA 
(mg/dl) 
00 
o 
3.87 4.75 5.69 5.32 4.99 ** NS NS 
** = P <.01 
NS = nonsignificant 
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period revealed that overall glucose concentration in the blood of all cows 
was lower during the treatment period (Table 13). Decreases among all the 
diets over the experimental period were consistent and no diet by week 
interactions were noted (Figure 12). 
Plasma NEFA concentrations (Tables 13, Figures 13) were higher in the 
blood of cows fed one of the four treatment diets than in blood of cows fed 
the control diet. Increases in NEFA concentrations were greatest during the 
first week of treatment for cows on all four treatment diets, whereas NEFA 
concentrations for the control diet decreased during the experimental 
period when compared with the pretreatment period. NEFA concentrations for 
cows fed the 75% forage diet with high levels of supplemental fat never 
decreased to the level of the pretreatment period; however, they did 
decrease during wk 4 to wk 6 compared with wk 3 concentrations. Blood NEFA 
concentrations for all treatment diets were highest during wk 3 suggesting 
that cows needed a longer adjustment period before they were able to 
utilize larger amounts of dietary fatty acids. Cows fed the diet containing 
65% forage and 5% fat had lower plasma NEFA concentrations during wk 4-6 
than during the pretreatment period (174.9 vs. 201.20 (leq/L) indicating 
that increased forage may helped keep NEFA concentrations at low levels. 
Concentrations of BHBA (Table 13) were lower for cows fed the control 
diet compared with the four groups fed treatment diets (3.87 vs. 5.19 
mg/dl). No differences were noted in BHBA concentrations for cows fed diets 
having different levels of forage and fat (Table 13). BHBA concentrations 
during the experimental period remained almost constant (Figure 14). 
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Figure 12. Plasma glucose concentrations of cows fed the control or the 
treatment diets during the experimental period (wk 3-6). 
(Pooled SEM = 2.17). The nvunbers in parenthesis in the legand 
box are the percent forage (75 or 65) followed by the percent 
supplemental fat (7.5 or 5.0) in the diets. 
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Figure 13. Plasma nonesterified fatty acids (NEFA) concentrations of cows 
fed the control or the treatment diets during the experimental 
period (wk 3-6). (Pooled SEM •= 20.02). The numbers in 
parenthesis in the legand box are the percent forage (75 or 
65) followed by the percent supplemental fat (7.5 or 5.0) in the 
diets. 
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Figure 14. Plasma p-hydroxybutyrate (BHBA) concentrations of cows 
fed the control or the treatment diets during the experimental 
period (wk 3-6). (Pooled SEM - .683). The numbers in 
parenthesis in the legand box are the percent forage (75 or 
65) followed by the percent supplemental fat (7.5 or 5.0) in the 
diets. 
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Other studies on cows fed supplemental fat reported either no effect 
(Palmquist and Conrad, 1978) or increased plasma glucose concentrations 
with fat supplementation (Cervantes, 1992; Jenkins and Jenny, 1989; 
Kronfeld et al., 1980). Results of our study are in agreement with those 
conducted by Palmquist and Moser (1981) and Erickson et al. (1992) where 
decreases in plasma glucose concentration were reported. Changes in plasma 
concentrations of NEFA are observed commonly in cows supplemented with fat, 
probably due to hydrolysis of increased blood triglycerides (DePeters et 
al., 1989; Palmquist and Conrad, 1978; Palmquist and Moser, 1981;Schauff at 
al., 1992; Scow et al., 1973). Grummer and Carrol (1991) concluded that 
plasma NEFA concentrations almost always increase when supplemental fat is 
fed. The results of the current study are similar to those of other workers 
(Bines et al., 1978; Canale et al., 1990; Cervantes, 1992; DePeters et al., 
1989; Goering et al., 1976; Hutjens and Schultz, 1970; Smith et al., 1978) 
who found that plasma NEFA concentrations in lactating cows supplemented 
with dietary fat are consistently increased. Plasma P-hydroxybutyrate 
concentrations are not changed during fat supplementation (Bines et al., 
1978; Ceirvantes, 1992; Grummer, 1993; Seiner and Schultz, 1980; Skaar et 
al., 1989). 
Rumen Fermentation 
EH 
Average rumen pH of all cows during the pretreatment period was 6.49 
(Table 14). No differences were shown between control and treatment groups 
and between cows assigned to cows with different levels of forage or fat. 
Table 14. Average rumen pH, volatile fatty acid concentration, and acetate;propionate ratio in rumen 
content of cows during pretreatment (wk 1) period. 
Diets 
(forage:fat) Contrasts 
1 2 3 4 5 Control vs. Forage Fat 
Item (Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) treatments levels levels 
• Significance-
pH 6, .51 6, .51 6.34 6, .53 6. 55 NS NS NS 
mM 
Acetate 54, ,01 58. 07 59.83 51. 28 50. 99 NS * NS 
Propionate 21. 33 23. 39 24.74 18. 43 19. 89 NS * NS 
Isobutyrate ,53 ,64 .76 .56 .57 NS * NS 
Butyrate 10. ,32 10. 45 11.65 9. 97 9. ,77 NS NS NS 
Isovalerate 1. ,29 1. 31 1.46 1. 26 1. ,24 NS NS NS 
Valerate 1. ,53 1. 60 1.72 1. 50 1. ,44 NS NS NS 
Acetate:propionate 2. ,88 2. 92 2.71 3. 18 2, ,95 NS NS NS 
* = P <.05 
NS = nonsignificant 
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The pH for cows fed the control diet or one of the four treatment diets 
during the treatment period was 6.62 and 6.67 respectively (Table 15). 
There were no differences in pH of the rumen between different dietary 
groups during the treatment period. These results are in agreement with 
those obtained by Schauff and Clark (1990) indicating that feeding rumen 
protected fat at up to 7.2% of the ration DM did not adversely affect rumen 
pH. Other workers (Grummer, 1988; Schauff and Clark, 1990) also have 
reported that rumen protected fat fed up to 5% of ration DM does not change 
rumen pH. 
Volatile Fatty Acids 
Concentrations of rumen VFA during the pretreatment period are given 
in Table 14. Average concentrations of acetate, propionate, isobutyrate, 
butyrate, isovalerate, and valerate during pretreatment periods were 54.84. 
21.91, .62, 10.43, 1.31, and 1.56 mW, respectively. No differences in the 
concentrations of all these VFA in the rumen were seen in cows assigned to 
the control diet or the four treatment diets experimental diets or diets 
containing different levels of supplemental fat. Differences were noted in 
concentrations of acetate, propionate, and isobutyrate in the rumen fluid 
of cows assigned to diets containing different levels of forage. The 
acetate:propionate ratio averaged 2.87 for all dietary groups, and no 
differences were observed between different groups of cows. 
The average concentrations of VFA and acetate:propionate ratios 
during experimental period are given in Table 15. Average concentrations of 
acetate, propionate, isobutyrate, butyrate, isovalerate, and valerate were 
Table 15. Average rumen pH, volatile fatty acid (VFA) concentrations, and acetate;propionate ratios in 
rumen content of cows during wk 6 of the experimental period. 
Diets 
(forage:fat) Contrasts 
12 3 4 5 Control vs. Forage Fat 
Item (Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) treatments levels levels 
-Significance 
pH 6. 62 6. 63 6.70 6. 68 6. 67 NS NS NS 
ibM 
Acetate 68. 02 55. 91 61.55 63. 77 67. 36 NS NS NS 
Propionate 18. ,42 15. ,42 13.99 17, .12 16, .43 NS NS NS 
Isobutyrate .99 .63 .73 .62 .81 * NS NS 
Butyrate 11. 62 9. ,48 9.72 10. 81 12. 07 NS NS NS 
Isovalerate 1. 79 1. ,78 1.72 1. 44 1. 83 NS NS NS 
Valerate 1. 44 1. ,33 1.25 1. 37 1. 36 NS NS NS 
Acetate:propionate 4. 28 4, ,70 3.95 4. 29 4. 08 NS NS NS 
* = P <.05 
NS = non significant 
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63.3, 16.28, .76, 10.74, 1.71, and 1.35 toM, respectively. The 
acetate:propionate ratio for the experimental period averaged 4.26. No 
differences were noted in rumen VFA and acetate:propionate ratios between 
cows fed the control diet or one of the four treatment diets and between 
cows fed diets with different levels of forage or fat. Acetate 
concentrations for cows fed high forage, high fat diets were lower during 
the treatment period when compared with pretreatment period. For cows fed 
diets with 75% forage and 5% fat, acetate concentrations tended to remain 
constant, whereas acetate concentrations increased for cows fed diets with 
65% forage at both 5.0 and 7.5% fat and for those fed control diets. 
Propionate concentrations were lower for cows fed the control diet or one 
of the treatment diets during treatment compared with the pretreatment 
period. No differences in acetate;propionate ratios were found between cows 
fed the control and treatment diets during the treatment period. These 
results are in agreement with those of other workers (Grummer et al., 1993; 
Kim et al., 1990; Palmquist and Conrad, 1980; Storry et al., 1973; Weakly 
et al., 1990) who reported little or no effect of supplemental fat on rumen 
VFA concentrations or acetate:propionate ratios. 
Dry Matter Digestibility 
No differences were observed in the DM digestibility of control or 
treatment diets (Table 16). The expected low DM digestibility of diets 
containing high levels of forage was apparently prevented by supplementing 
with higher proportions of highly digestible fat. The digestibility of 
control and treatment diets ranged from 73.90 to 76.10% (Table 16). 
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Table 16. Average dry matter digestibility in cows fed different 
experimental diets. 
Diet Digestibility 
(forage:fat)^ (%) 
1 
(Control) 75.36 
2 
(75:7.5) 75.23 
3 
(75:5.0) 74.00 
4 
(65:7.5) 76.10 
5 
(65:5.0) 73.90 
Contrasts Significance 
Control vs. treatments NS 
Forage levels NS 
Fat levels NS 
^ Percentage of dietary dry matter. 
NS = nonsignificant 
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These results are in agreement with those reported by Elliot et al. (1994), 
Palmquist and Conrad (1980), Schauff and Clark (1989), and West and Hill 
(1990). 
Feed Cost and Efficiency 
Total daily feeding cost per animal is given in Table 17. All treated 
groups had decreased (P <.01) feed costs compared to cows fed the control 
diet ($ 3.50 vs. $3.91). The feeding cost of 75% forage diets was lower 
than 65% forage diets ($ 3.33 vs. $3.68), whereas the daily per animal 
feeding cost of diets containing different levels of fat was similar. The 
cost per kg of feed (Table 17) was lower ($ .077) for control diets than 
for experimental diets ($ .082). The higher cost per kg for treatment diets 
was due to the higher cost of protected fat. The high forage diets 
were comparatively cheaper than medium forage diets ($ .079 vs. $ .086), 
whereas per kg cost of high fat diets was more than that of low fat diets 
($ .088 vs. $ .077). 
No differences were observed between production cost of per kg of 
milk (Table 17) from cows fed the control diet and those fed the treatment 
diets ($ .116 vs. $ .115). The difference in production cost of per kg of 
milk by feeding diets with different levels of fat tended to be different 
(P <.06), at $ .116 for high fat diets and $ .113 for low fat diets. 
Production costs were lowest for cows fed high forage diets and differed (P 
<.01) from medium forage diets ($ .110 vs. $ .119). 
Income over feed cost (lOFC) was higher (Table 17) for cows fed the 
treatment diets than for those fed the control diet ($ 2.77 vs. $2.66). 
Table 17. Comparative feed cost and efficiency of milk production for the control and the treatment 
diets. 
Item 
Diets 
(forage:fat) Contrasts 
12 3 4 5 Control vs. Forage Fat 
(Control) (75:7.5) (75:5.0) (65:7.5) (65:5.0) treatments levels levels 
Feeding cost ($/d) 3.91 3.29 3.37 3.68 3.67 
significance 
** ** NS 
Feed cost ($/kg feed) .077 .084 .074 .091 .080 ** ** 
Production 
cost ($/kg milk) .116 .110 .110 
Income over 
feed cost ($$/$) 2.66 2.87 2.87 
.122 .116 NS 
2 . 6 2  2.73 ** 
 ^ VO 
N3 
NS 
* = P <.05 
** = P <.01 
NS = nonsignificant 
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Cows fed diets with 75% forage were more profitable ($ 2.87) compared 
with those fed diets with 65% forage or control diets. No differences in 
income over unit feed cost were noted for cows fed diets with different 
levels of fat. 
The results of our study support the findings of Chalupa et al. 
(1986) who suggested that fat is the dietary variable most likely to 
optimize production efficiency. He further suggested that by replacing 
grains with fat and increasing forage:grain ratio in the diet, energy 
concentration can be maintained and feed cost can be decreased. Our 
results are also in agreement with those of Tessman et al. (1988) who 
found that a decrease in production by increased forage level is 
economically acceptable due to decreased feed costs. 
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GENERAL SUMMARY 
Fifty mid-lactation Holstein cows were used in a six week feeding 
trial to study the effects of high-forage, high-fat diets on dry matter 
intake, milk production, milk composition, and blood constituents. Cows 
were divided into 10 replicates, each consisting of five cows. Each cow 
was assigned to one of four treatment diets (high-forage (75%), high-fat 
(7.5%)(diet 1); high-forage, meditim-fat (5.0%)(diet 2); medium forage 
(65%), high-fat (diet 3); medium-forage, medium-fat (diet 4)) or a control 
diet containing about 50% forage and 2% fat. All diets were isonitrogenous 
(17.7% crude protein). The forage mixture consisted of 20% alfalfa hay, 40% 
alfalfa haylage, and 40% corn silage. Supplemental fat included 80% 
protected fat and 20% yellow grease. Average body weight of cows consuming 
different experimental and control diets changed significantly. Similarly, 
comparison of body weights of the cows fed control diet with those of cows 
fed experimental diets revealed a nonsignificant difference in the body 
weight change. However, a significant difference (P <.01) in the body 
weight change was observed in cows consuming diets with either different 
levels of forage or fat. 
Cows on all experimental and control diets improved their body 
condition when comparisons were made between initial (wk 1) and final (wk 
6) body condition scores. Cows fed diets with 75% forage lost their 
condition to some extent when they were switched from normal herd diet to 
their respective experimental diets. However, they recovered their 
condition by the end of the experimental period indicating that these cows 
needed a longer adjustment period for the diets containing about 50% more 
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forage than their normal herd diet. Body condition scores of cows during 
experimental period fed diets with different levels of fat differed 
significantly (P <.01). 
Dry matter intake decreased (P <0.01) in cows fed treatment diets 
(18.36, 20.94, 19.91, and 22.60 kg for cows fed diets 1-4, respectively vs. 
27.49 kg for cows fed the control diet). Both forage and fat levels had a 
significant effect (P <.01) on DM intake. Cows fed diets containing 75% 
forage or 7.5% fat had lower DM intake compared with those fed 65% forage 
or 5.0% fat. Total daily intake of CP varied with variation in DM intake. 
Intakes of ADF and NDF were lower in cows consuming experimental diets. 
However, no differences were observed in ADF and NDF intakes in cows 
consuming diets with different levels of forage. No significant difference 
in average daily EE intake was found between cows fed control or 
experimental diets. Digestible energy intake was higher (92.40 Mcal/d) for 
the control diet compared with treatment diets (69.25 Mcal/d). Energy 
efficiency for milk production was higher for treatment diets than for the 
control diet (33.8 vs. 29.4%). 
Daily milk production was lower (P <0.05) for cows consuming 
experimental diets (30.5, 31.3, 31.0, and 32.5 kg for cows fed diets 1-4, 
respectively vs. 34.2 kg for cows fed the control diet). Milk output per 
unit of dry matter intake was greater, however, for cows consuming the 
experimental diets (1.74, 1.55, 1.60, and 1.53 kg milk/kg dry matter intake 
for cows fed diets 1-4, respectively vs. 1.26 kg milk/kg dry matter intake 
for cows fed the control diet). Milk fat and total solids did not differ 
significantly; however, milk protein was higher for cows consuming the 
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control diet. No difference was observed in concentrations of blood glucose 
for cows on different experimental and control diets. Plasma nonesterified 
fatty acids were higher in cows consuming experimental diets than in those 
consuming the control diet. However, differences in NEFA concentrations in 
the plasma of cows consuming diets with different forage and fat levels 
were nonsignificant. Concentrations of BHBA were lower for cows fed the 
control diet compared with those fed one of the four treatment diets (3.87 
vs. 4.19 mg/d). No differences in plasma BHBA concentrations of cows fed 
diets with different levels of forage or fat were observed. 
Rvimen pH, concentration of volatile fatty acids (VFA) in the rumen 
content, and dry matter digestibility of control and experimental diets, 
and diets with different levels of forage and supplemental fat did not 
differ significantly. Acetate concentrations for cows fed the 75% forage, 
7.5% fat diet and cows fed the diet containing 75% forage and 5.0% fat 
tended to remain constant, whereas acetate concentrations increased for 
cows fed diets with 65% forage at both 7.5 and 5.0% of fat and for those 
cows fed the control diet. No differences in DM digestibility of control 
and experimental diets were observed. The expected decrease of DM 
digestibility of diets containing 75% forage was apparently prevented by 
supplementation with higher proportions of highly digestible fat. The DM 
digestibility of control and experimental diets ranged from 73.90 to 
76.10%. 
Cows fed experimental diets had decreased daily fed cost compared to 
cows fed the control diet ($3.50 vs. $3.91). Feeding cost for high forage 
diets was lower than for medium forage diets ($ 3.33 vs. $ 3.68). No 
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differences were observed between production cost of per kg of milk from 
cows fed control and experimental diets. Milk production costs per kg of 
milk were lowest for cows fed higher forage diets. Income over feed cost 
was higher for cows fed experimental diets than for those fed the control 
diet ($ 2.77 vs. $ 2.66). Cows fed diets with higher levels of forage were 
more profitable compared with those fed diets with medium levels of forage 
and control diet. 
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